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CHAPTER I 
THE SCOPE OF THE STlJDY 
Statement of the Problem 
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The problem.-- The organization of a unit of work for use inil 
:I 
twelfth grade physiography is the problem of this study. It is '' 
,I 
hoped that the contents of the study would be adaptable for use 
in a program where instead of the conventional high school sub-
jects in separate courses such as Chemistry, Physics, and Earth 
Science, all phases of science are organized in an integrated 
extensive course called Physical Science.l 
It is the intent of the unit to introduce this method of 
approach through an interesting topic to a group with hereto-
fore recognizably low achievement. It is hoped that this 
method will prove itself of such a superior nature that this 
group will actually enjoy working with it, and that in time 
other aspects of physiography adaptable for use in the Physical 
Science course will be organized in a similar manner. 
The varying abilities, aims, aptitudes, interests and needs 
of the pupils who will engage in the study of this unit should 
be so considered that the maximum gain in concepts, attitudes, 
appreciations, skills and ideals may be realized through its 
flexibility. 
Y Forty-Sixth Yearbook, National Society for the Study of 
Education, Science Education in American Schools, University of 
Chicago Press, Chicago, 1947, PP• 190 to 193. 
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Unit method as used in the study defined.-- I The unit method!! 
:I 
as it is used here is defined as a systematic way of taking intoii 
consideration and ·applying with due emphasis every educational 
principle which should function in every good teaching-learning 
cycle. 
Ten fundamental principles to be considered in using this 
unit according to the unit method which will serve as a guide 
to any teacher using the unit are listed here:1 
1, Education is guided and directed growth, 
2. The pupil's activities are given direction only 
by some goal which he seeks to attain. 
Problem-solving is the way of human learning. 
Learning is most effective when optimally emotion-
alized. 
II 
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Persistence in problem-solving behavior varies with il 
the explicitness of the directions which the pupils 
receive. 
6. Knowledge of progress is a powerful incentive to 
effort. 
7. All learning involves integration. 
8. Application of the learning product is essential 
if transfer is to take place. 
9. Independence in learning is encouraged if the 
pupil has some choice in what he is to do, how 
1/ Roy 0. Billett, Fundamentals of Secondary School Teaching, 
Houghton Mifflin Company, Boston, 1940, pp. 174 and 175. 
;! 
!I 
II 
2 
he is to do it, and when he is to do it. 
10. Because of the fact of individual differences, 
pupils should not begin necessarily at the same 
place, nor proceed necessarily at the same rate, 
in the same direction, and in the same way. 
The local situation, school, and community.-- This unit was 
conceived and taught at North Quincy High School in the city of 
Quincy, Massachusetts. This is a six year school in two di-
visions, a junior high school and a senior high school with a 
total enrollment of about 1300 pupils, from the seventh to the 
twelfth grade. The unit is primarily intended for use in a 
! 
twelfth grade course in physiography but may prove to be adapt a- ii 
ble to science survey courses. 
The population of the city of ~uincy is rapidly approaching 
the ninety thousand mark. Heavy industry in the form of the 
Fore River Shipbuilding Division of the Bethlehem Steel Corpo-
ration serves well as an example of a nearby user of metals 
extracted from ores. Other important industries, are granite 
quarrying and cutting, rock crushing, tool making, gear manu-
facture, machinery manufacture, soap manufacture, ice cream 
and candy manufacture, and the manufacture of electronic tubes. 
The inhabitants of the city are now enjoying a rather high 
:I 
average income, which accounts for A non-shifting population and. 
for few children of foreign born parents, although many national1 
'I 
ity groups are represented. Three in the group of twenty-four tQ 
which this unit was presented have one or more parent foreign 
1 
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born. The average of the school is less. 11 
Occupational status of parents.-- The results of a question- il 
,i 
naire show clearly that the closest relative of any of the groupil 
who is a college graduate is a brother-in-law. Three of the il 
'I 
twenty-four boys to which the unit was taught have now no )! 
fathers. One of the boys is a state ward. The parent's occu-
pations range from grocery store managers, filling station 
managers, mechanics, machinists, and welders to garbage man, 
street cleaner and laborer. Evidently in spite of the lack of 
formal education some of the parents have positions of re-
sponsibility and skill. 
Chronological age.-- These pupils in the twelfth grade are 
all over 16 years of age. A few of them are older with the 
oldest being twenty. This can be attributed to being retarded 
in grade placement because of previous failure. 
Reading ability.-- A false assumption may easily be made 
that the reading ability of these pupils corresponds to their 
chronological age. In consideration of the materials for the 
required reading and optional related activities, this must be 
kept in mind. The only date available in this respect were 
considered to be of little value because in most cases they 
were at least five years old. Since reading is an acquired 
skill and may be learned, the only valuable data then would be 
that which was up-to-date, testing comprehension. It is re-
grettable that none was available for it was found out in the 
course of teaching the unit that two were not able to read and 
.. 
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follow what 1o1ere considered to be elementary directions. An 
attempt was made to find out before the unit began if the 
reading habits of the pupils involved the reading of scientific 
literature. A copy of this questionnaire is in the appendix. 
This was given to the group taught and the group used for 
comparison. The fact that so few indicate the reading of 
science articles in News Week and Time indicates that these 
publications are perhaps not found in their homes. Pupils were 
also asked about their television preferences, Some did not 
know that there were science programs on television, Host of 
them admit that they switch stations when science programs are 
on the air. 
Table 1. Tabulation of Science reading done by group under 
study. 
Reading source 
Science articles in newspapers 
Popular Science magazine 
Scientific Honthly magazine 
Popular Mechanics magazine 
Science section in News Week or Time 
Books on Science 
always sometimes 
5 
3 
0 
4 
0 
2 
16 
11 
~ 
5 
11 
never 
3 
10 
20 
15 
19 
11 
Intelligence quotients.-- All the pupils concerned with the 
!study were given the Otis Beta test in the year 1946. The dis-
tribution of these quotients is given in table 2. Surprisingly, 
in spite of the preceeding discussion, there are some with 
rather high I. Q•s. which points up the need for diversified 
:: 
,, 
I' 
,I 
'i 
" I i 
I 
' 
5 
activity to meet the needs and abilities of all pupils. 
==#'=-~--
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The range in the group taught the unit is from 84 to 125 
with a median of 103.13. A group of twenty-four pupils with 
analogous I. Q.'s not taking the course was used for purposes 
Intelligence QQotients Frequencies 
Class Intervals Group taught Control group 
120 
- 125 1 
115 - 119 1 
110 
- 114 4 3 
105 - 109 6 3 
100 
- 104 6 6 
95 - 99 2 6 
90 - 94 3 3 
85 - 89 1 1 
80 - 84 1 1 
These data should again not be considered as being exact 
because of their age. They serve well to indicate the wide 
range of I. Q. 1 s the teacher will have to provide for. 
Interest in sciences.-- In addition to finding out the 
reading habits of the groups an attempt was made to further 
find out any interest in sciences by seeing whether there was 
interest in hobbies of a scientific nature, or intent to go to 
college or become a skilled worker. Four indicated a desire to 
=====9F===-- . - --
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go to college although they have done nothing to prepare for it.l 
Eighteen want to become skilled workers and the other two have 
no idea of what they want to do, Of those who pursue hobbies 
~ some have become quite skilled in their work, One who indi-
cated interest in model railroads is an expert on that topic. 
Table 3. Interest in hobbies. 
Hobby Number of Pupils 
Group taught Control J<:roll]; 
No hobby 
Photography 
Home Workshop 
Machinery 
Model planes 
Model trains 
Gardening 
Navigation 
Automobiles and Hot Rods 
Sports or non-science activity 
Watch Repair 
Nature Study 
Radio 
Bird Study 
t 
4 
3 
4 
3 
2 
2 
7 
5 
0 
0 
0 
1 
2 
6 
7 
7 
8 
4 
9 
7 
4 
3 
2 
5 
4 
3 
Of those activities listed on the check list in the ap-
pendix, two were not checked at all. These activities were 
"Microscopy" and "Meteorology." Perhaps their meanings were 
not known. The large interest in "Hot Rods 11 is substantiated 
by the fact that a few have constructed these or have automo-
biles registered in their own names. 
Pupils were also asked to check off a list of science sub-
jects according to their interests. With few exceptions they 
checked only the sciences to which they are now or have previ-
I 
I 
i 
,, 
I 
8 
II 
ly been exposed, Two in the group, recorded n-o~~i~n~t~e~r=e~·s=t~~in~=a=n=y~~~~====== 
!,I science whatsoever. None is interested in Physics. This 
!. 
information was obtained one month before the unit was taught. 
Table 4• Interest in Sciences 
Science Number of pupils 
Group taught Control group 
Biology 8 1~ Chemistry 8 
Physiography 11 2 
Astronomy 3 2 
Geology 3 2 
Physics 0 0 
Medicine 0 1 
:I 
Space Provisions and Equipment II 
., 
The original classroom,-- Physiography had been taught in a ii 
II 
conventional classroom suitable for the teaching of mathematics 
1
. 
or a language, The part of the building in which it and the 
classroom which was finally used are housed is about twenty- i' i 
five years old. i It is a room with dimensions of thirty feet by ' 
lr I 
I 
twenty-five feet, just barely able to hold five rows of seven 
seats and desks in movable unit combinations. The only other 
furniture in the room is a teacher's desk and a cabinet for I 
I 
books and papers. There is no room for any laboratory materi- I 
This room is well lighted, with four windows five feet by 11 
II 
als. 
floods the room. The west side of the room is the front, with 
a blackboard the full width of the room, except for the before-
mentioned cabinet. The north side opens onto the corridor at 
either end with the rest of the wall covered by a blackboard. 
The east side last year acquired a bulletin board four feet by 
ten feet. Obviously such a room is not very adaptable to 
II 
ii 
'I 
' I 
teaching a laboratory unit. It was decided to use and adapt 
chemical laboratory for teaching the unit. 
the] 
II 
This room is equipped with all I 
the conventional accessories of a high school chemical labora- 'I 
The laboratory classroom.--
tory. At the front of the room there is a large lecture table 
equipped with a sink, water, gas, electrical outlets for direct 
and alternating current, and adequate room for the storage of 
chemical apparatus useful for demonstration purposes. Here 
also is the teacher's desk and a hood for the removal of 
poisonous gases. The room is forty feet by twenty-five feet. 
Provision was made in the front for seating twenty-seven pupils 
in chairs provided with arms for note taking. The rear of the 
room was occupied with six pupil work benches, designed to ac-
II 
il 
li 
I' 
I 
I 
I 
I' 
il 
q 
l: ,, 
II 
II 
I i: 
I i: ,, 
I 
commodate twenty-four students at laboratory work. These have ~~ 
a sink at the center with two faucets, shelves in the middle fOJ:1! 
reagents and pupil books, and electrical outlets to the side. 
Below the top of the bench are four drawers at each corner 
for the storage of pupil chemical glassware. The top center 
drawers are useful for storage of metallic objects such as 
forceps, wire gauze, bunsen burners and the like. Below there 
is a closet for storage of pneumatic troughs, ring stands and 
other larger apparatus. They are extremely well adapted for 
!I 
'I I, 
I] 
ii 
II 
il li 
II 
9 
II 
II 10 
north east corner serves as storage for chemical solutions used 
by the students. Five sinks are located at seven foot intervals 
I 
along this workbench. There are also five gas outlets spaced j 
along this bench. Three large windows are in the north wall an. 
in the center of this is a stand with three staggered shelves 
for holding bulk chemicals. 
The drawers at the corners of the laboratory benches were 
chosen to store twelve of the thirteen laboratory exercises for 
use with the unit. For uniformity the second drawer from the I 
top right hand side of the student position at the bench was em-1 
ployed, The thirteenth laboratory exercise because of its bulk I 
and importance to the unit was kept on constant display along 
the window bench. The end of the bench back of the teacher's 
desk and to the left of where the pupils were sitting was easy 
to cover over with a piece of beaver board so that the space 
could be used for the storage of pamphlets accumulated for the 
unit for easy access to the pupils. 
The room was once equipped with double curtains for light 
demonstration and visual aids. These are in poor condition. 
However, the room immediately below this is used as a projection 
room and is directly downstairs from the room, All of the 
motion pictures were shown in the projection room. 
11_ 
Plate 1 . Looking toward the lecture table 
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Plate 2 . Students using the laboratory end of the room 
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There is adequate blackboard space on the south and east 
side of the room, Two small bulletin boards are located on 
these sides also. There is a one foot cork border along the 
tops of the blackboards. Pertinent reports, magazine articles, 
pictures and the like were displayed here, 
Storage space is provided by two lar~e storage rooms off 
the west side of the room. One is used for stora~e of bulk 
chemicals and chemical apparatus. The other houses a switch 
board from which can be controlled the type of current at any 
outlet in any classroom used for science laboratory work. 
Photographic chemicals and physics apparatus are also stored 
here. 
The chemical laboratory was adapted easily to the teaching 
of the unit. Perhaps the only improvement felt needed was more 
room for the bulletin board materials, 
I 
! 
1:1 
The test.-- The test is composed of four parts, each of i 
which is a different testing device and designed to test differ-il 
d 
II il 
ent principles. The source material for the test was the 
delimitation of the unit, with factual details extracted from 
!I 
II 
the laboratory exercises and motion picture exercises all were 
required to do. !I 
II 
Ditto copies of the test were passed out to all pupils (b·othil 
,[ 
those taking the unit, and the control group) at the beginning 
of the work unit, They were told by the instructor to try to 
" II 
" II 
answer all questions whether they were certain of the correct !I 
The pupils ~:_r_e_a~-s-o-~n_f_o•mod that tho ""Ulta I 
1: 
answers or not. 
ll 
' of the pre-test would have no effect on their grade for the unit~ 
,, 
'I All had answered all they could in a period of about thirty-five,l 
minutes. They were asked if they could use more time and since if 
,, 
no one called for it the papers were collected. This same test 11 
was administered at the end of the unit to the pupils taking the11 
unit and the control group. 
The day after the pre-test was administered, ditto copies 
the general study and activity guide were distributed to the 
i 
of' 
! 
i 
'I 
'! 
pupils. Practically a full period of thirty-seven minutes was !i 
required to get started and to acquaint the pupils with the use 'i 
!! 
of the guide, pamphlets, reference materials, and the keeping ofil 
!i 
1':,] 
a suitable record of their work. 
i! 
II [I ,, 
'I 
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CHAPTER II 
ij 
,j ORES OF THE tnUTED STATES 1 
" 
General Statement of the Unit.1 The ore wealth of the Unite~~ 
States is a contributory factor to the leadership of the United i! 
'I 
States in the world. Most of the valuable ores are found west !I 
of the Mississippi River. Ore minerals have certain character- II 
I 
istics which aid in identifying them easily. These are the 11 
background of our modern industries, but we cannot stand alone ![ 
and produce the material goods we desire because all ores do no~1 
occur within the confines of United States. 
Delimitation of the Unit. 
1. Ore bodies are mostly confined to the Western United 
States. 
a. In the Rocky Mountains, the states of Colorado, 
Montana, Wyoming, Idaho, New Hexico, and Arizona I 
are outstanding in the production of metals. :1 
II 
b. The Sierra Nevada Range States of California, :1 
Utah and Nevada are the great producers of gold ,i 
and silver. ii 
c. Texas, and other plain states such as Oklahoma, 
are the producers of oil, along with many other 
states, like Pennsylvania and California. 
' 
d. Iron ores are located and refined around the 
Great Lakes. 
1/ Roy o. Billett, op. cit., p. 505. 
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e. New England produces only rock products such as 
granite, marble, asbestos, mica, sand stone, 
and emery. 
2. An ore deposit is a concentration of' a metallic mineral,: 
or one of' its chemical compounds suf'f'iciently rich in 
' 
metal to make mining profitable.1 
a. Physical properties dependent on the molecular 
structure of the cryst'al help identify it. 
These are: the crystal system, the crystal, 
cleavage, and X-Ray diffraction pattern. 
b. Physical properties dependent on light help 
identify a mineral. These are: the color, the 
luster_, diaphinity, streak, and the index of 
refraction; or special properties such as double 
refraction. 
I 
c. Physical property of specific weight greatly 
identification. 
aidsi 
I 
d. Physical properties dependent on molecular 
attraction within the mineral such as hardness, 
fracture, tensil strength, malleability 
ductility, conductivity and special effects such 
as the piezo-electric effect and magnetism aid 
in finding out what a mineral is. 
117 Finch, Trewartha and Shearer, The Earth and Its Resources, 
McGraw-Hill Book Company, Inc., New York, 1941, p. $18. 
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e. The mineral may be analyzed chemically and 
identified by its content. 
f. The most accurate present day method of analysis 
is the spectroscope. 
3. The process of extraction of ores varies with the 
chemical activity of the metal desired. 
a. Ores must be concentrated by chemical leeching, 
gravity separation, sorting, or froth floatation 
before reduction. 
b. Ores more active chemically than aluminum, like 
it, must be extracted with electricity. 
c. A few ores are easily reduced with heat or are 
free metals in nature. 
d. Most ores are reduced with some form of carbon 
such as coke or carbon monoxide. 
e. Some ores require careful refinement such as 
electrolysis or distillation before being used 
for some purposes. 
f. After the separation of a metal from an ore, its 
treatment through open hearth, electric arc 
furnaces, blooming mills, soaking pits, cropping,,, 
extruding, casting and pounding, may be extensive:: 
before reaching the final product. 
4. The uses to which any one metal may be put are many. 
5. Minerals are often a thing of beauty illustrative of 
symmetrical form or beautiful color. 
17 
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a. Finding mineral specimens is an absorbing hobby, 
b, Special effects such as oil emersion under a 
polarizing microscope or ultra-violet radiation 
with fluorescent minerals further produce beauti-: 
ful color effects. 
6. There is a critical shortage of many minerals for war-
time production. 
a. We do not have all the necessary mineral 1.;realth 
in United States, 
b, Production lags behind demands, 
Probable Indirect and Incidental Learning Products. 1 
A. Indirect learning products 
1. Attitudes and appreciations 
a. 
b. 
The relationship of natural resources to the 
economy of a nation, state or local community.;! 
il 
il The limitations of the resources of the United!: 
i! 
States prohibit self sustenance, 
c. The ability and lmmvledge required of the 
geologist, mining engineer, miner, chemist, 
metallurgist, foundry Harker, and machinist to'~ 
obtain the finished product from the ore, 
d. The value of a substance as an ore varies with: 
the demand for it, War time brings unusual 
demands, 
1/ Roy o. Billett, op. cit., p. 506 
18 
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e. Synthetic minerals and substitutes may lower 
the value of an ore. 
f. New scientific discovery promotes the drive 
for the finding of ne\v ore bodies, such as 
atom bombs for uranium. 
g. Research on new methods of extraction make 
heretofore non-usable sources ores. 
h. Pure research as sponsored by the United 
States Government, Universities, Foundations, 
and Industry to improve our standard of living, 
have paid off well. 
1. Extensive transportation systems of the United 
States have resulted in order to move ores to 
smelters, refineries, finishing plants and to 
the ultimate consumer. 
j. Industry is a complicated thing; any one pro-
duct is the result of the work of many. 
k. Ore bodies are now located by scientific pro-
cesses; the "wild cat" is rare. 
1. There is a great need for cheap hydro-electric' 
I 
po;;er such as the St. Lawrence Valley author-
ity or the "Quoddy11 project to keep industry 
in New England. 
m. There are many jobs in mining and industry. 
B. Incidental learning products 
1. Concepts i 
II 
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a, Nineral sequence repeats in whole or in part in 
many heavy metal ore body locations in several 
parts of the United States. 
b. In many water-deposited ore bodies mineral 
sequence is repeated, 
c. External crystal form, internal crystal form as 
2. Skills 
revealed by X-Ray and the index of refraction 
along with chemical or spectrographic analysis 
are used to identify minerals. 
a, The handling of laboratory materials, 
b, Keeping laboratory reports, 
c, Use of library materials, particularly current 
periodicals, 
3· Interests 
a, Collection of minerals as an absorbing hobby, 
b, Travel through industrial and mining centers of 
United States, 
1 Reading Naterials For Teacherts Use Only 
1, Billett, Roy Q,, Fundamentals of Secondary School Teachin& 
Houghton Nifflin Company, Boston, 1940. 
2, Crosby, Irving B., Boston Through The Ages, Narshall Jones' 
Company, Boston, 1922, 
3, Dana, Edward S,, System of Nineralogy, John l.Jiley and Sons~ 
New York, 1915. ' 
5. 
Finch-Trewartha-Shearer, The Earth and Its Resources, 
NcGraw-Hill Book Company Inc., York, Pa., 1941. 
Holmes, Arthur, Princi~le of Physical Geology, Ronald 
Press, New York, pp. 3 -65, 330-347, New York, 1945, 
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6. Longwell, Knopf and Flint, Textbook of Geology, John Wiley:l 
and Sons, pp.438 - 487, Boston, 1932. 
7. National Society For the Study of Education, Forty-Sixth 
Yearbook Science Education in American Secondar Schools, 
Un versity of Chicago Press, Chicago, 19 7. 
8. Spenser, Leonard J., The World's Ninerals, Frederick A. 
Stokes, Uew York, 191 • 
IThe 1 Unit Assignment.-- (Tentative time allotment, nine weeks, 
five periods per week.) 
A. Introduction.-- There are many possibilities to stir 
genuine interest in minerals and mineral products which could 
employed. The following are just meant to be suggestions: 
Approach 1. 
What makes Texas one of the states whose population has 
rapidly increased in the years since World War II? The 
United States Bureau of Hines has published a beautiful 
film in full color in 1950 which will answer this and 
other questions. This question will lead to a dis-
cussion of the huge oil reserves, beef and cotton. You 
will perhaps, as was the experience of the instructor, •I 
', 
not get anyone to suggest mineral wealth. The followins/ 
questions might be asked by the teacher to promote the 
discussion. 
a. From where do we get oil? 
b. From where do we get natural gas? 
1/ Roy 0. Billett, op. cit., p. 506. 
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c. How do they mine sul~ur? 
'I I d 
i! 
±t-
,1 
;: 
,I 
airplanes,,; ,, d. Where does that light metal needed in 
magnesium, come ~rom? 
e. Why do you suppose rubber tires are black. 
Where does the black stuff come from? 
f. What can be extracted from petroleum? 
g. What sources of electrical power are in Texas? 
How is this used to extract metals from their 
ores? 
This discussion was carried out >vith the class at the end 
the period when the pre-test was given. The class was told to 
,, 
,, 
li 
oti ,, 
,, 
,, 
I! ,, 
1' 
report the following day to the projection room to view the 1: ,, 
I film. It requires a full 43 minutes to project. The ~ollowing I! 
1: 
day it was planned to discuss the film for a part of the period,!i 
!I 
but with the high enthusiasm, the discussion lasted almost the 
entire period so that just enough time was left to go over the 
mechanics of reporting on films in their notebooks. 
Approach 2. 
There is much beauty in mineral specimens. Good specimens 
of copper minerals such as malachite and azurite, crystals 
of calcite, pyrite g~lena or quartz have an appeal. These 
specimens could be passed about in a class for inspection 
and the following questions asked: 
a. Is every crystal of quartz of the same shape? 
b. Do all minerals tend to shmv a double image like 
calcite? 
22 
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c, How valuable is this golden-colored mineral, pyri te?', 1' 
' 
d. What is there in galena that makes it so heavy? 
e, Have you ever found any of these minerals in Quincy?lj 
f. What happens to the color of malachite and azurite 
when they are heated? 
'I ,, 
Such a series of questions would point out that these out-
standing characteristics of these minerals help to indicate thatli 
they are different from each other in these respects, From 
there it could be shown that there are other ways of dis-
tinguishing minerals from one another, This was found to be a 
Approach 3. 
It may be that near-by there is a mineral resource that is 
being worked and with which the pupils are already familiar.
1 
This could be drawn on as a source of a stimulating be-
ginning to the unit. The only thing that approaches this 
in the Quincy area is the Quincy granite, It is an easy 
thing for the teacher to go to a near-by quarry and get 
enough specimens for the class, Such questions as these 
may start a discussion: 
a, Can you mruce out more than one type of minerals? 
b. What are the colors of the minerals? 
c. •fuich seems to be the most affected by chemical 
weathering? 
' 
d. Look at a specimen of quartz. Can you pick out quartz![ 
I 
li in the granite? 
I 
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e, Look at mica. Can you pick out mica in the granite? 
B. For individual study and investigation,-- All students 
!were required to complete the activities listed below in the 
lcourse of nine weeks. If they got too far ahead of the sug-
lgested time table on the bulletin board, they tried some of the 
II 
'I 
'I 
' 
,, 
:: 
-t!--:-
optional related activities which J.rere also posted on the 
bulletin board. An accurate record of all work done was kept ini 
'I 
,I 
a notebook which had to be in class every day. These directions); 
' 
,. 
'I with the following, were made the first page of that notebook, 
I 
1 1. \fuat are the mineral resources of the biggest mining 
states? A series of eight films will be shown to you 
on the production of minerals useful in United states 
Industry. You should answer the following questions 
in the notebook about each film: 
a. What state does the film describe? 
b. ~mat are the products of this state? 
c. Are ores shipped out of this state to be refined 
in others? What are they? 
d. What is manufactured within the state? 
2. How are ores found, mined, concentrated, reduced to 
metals, refined and made into finished products? A 
series of twelve films will be shown to you on a 
variety of mineral products. For each film shown you 
should keep in your notebook an accurate record of the 
following: 
a. lfuere is the ore found? 
2.5 
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b, hlhat method is used to take it frolll the earth? 
c. Does it require concentration? 
d. How is the desired product extracted? 
e. Does it require fUrther refinement before it is 
fit for industry? 
f. hlhat industry used it? 
J, How do mineralogists recognize ores? We ~lill actually 
perform some of the tests used by the scientists to 
recognize mineral matter. This work is to be done in 
the chemical laboratory where the tools necessary for 
the work are available, It need not be done in the 
1 
'I 
i 
order that is given here, but you are expected to i keep! 
them in this order in your notebook record. Re-
cordings should be accurately made Hhile you are doing:i 
the w·ork, Numbers on the second drm,rer from the top 
of the bench will indicate that the drawer contains 
the material needed for the activity corresponding to 
the numbers listed below. Study guides are in them, 
a. What are some of the physical tests used to 
identify minerals? 
(1) How does the crystal form aid identification 
(2) 
( 3) 
(4) 
of the mineral? 
Do minerals break apart the same way? 
Which are the hardest minerals? 
Why do some things feel heavier than others 
when you lift them? 
(5) Does color help? 
(6) How do minerals bend light rays.? 
(7) Are minerals difficult to melt? 
b. What are some of the chemical tests for identificat 
tion of minerals? 
(8) How can minerals be reduced to metals? 
(9) What will heating a fragment of a mineral in 
a small glass tube tell us? 
(10) Does the color of a flame tell us anything? 
(11) How do we test for the most common non-metals, 
:! 
found in ore minerals? 
c. rfuat is in Quincy granite? 
(12) What are the properties of the four minerals 
of Quincy granite? 
d. ~~at do ores look like? 
(13) What are some of our principal ores? 
4. k~at useful products are made from ores and hov; are 
they made? Along the bench in back of the in-
structor's desk are a series of pamphlets, charts, 
catalogs, and samples of substances produced in the 
United States which have been sent to our school by 
these manufacturers. A complete listing of all those 
available will be posted on the bulletin board. Read 
the reports from at least two companies of their pro-
ducts, then answer the following questions. seven 
reports are required. 
' 
I 
' 
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a. ~fuat company published the article? vfuen? 
b. How do they get their raw materials? 
c. What products do they make? 
d. How do they make them? 
5. 'Lo.lbat makes a mineral a gem? The answer to this :i 
j 
6. 
question may be found in practically any good book on I 
i,j 
mineralogy. You may get a permit to go to the librarYil 
'I 
and look up the answer to this question on any day we '1 
have laboratory work. Your answer to this should be 
a well written report to be made to the class three 
weeks from the start of the unit. 
What ores are vital to National Defense? Which ones 
do we have a short supply of? Where do we get these 
from? The answer to this question should come from a 
recently published article or book. I suggest that 
you look at the list of periodicals printed on the 
side of the card catalog in the school library; then 
use the Reader's Guide to Periodical Literature to 
locate an article. Report on one metal or on all in 
a paper to be delivered to the class six weeks from 
the start of the unit. 
j: 
,, 
,, 
'~ 
7. ~'hat does a good mineral collection look like? Ar-
rangements are being made for a field trip to the 
Peabody Museum at Harvard. Record the following: 
a. What specimen impressed you the most? 
b. Which was the largest specimen? 
29 
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c. How are the specimens arranged for easy study? 
d, What minerals are easily detected in ultra-violet 
light? 
e, What pattern do some etched meteors show? 
f, How much do you think this collection is worth? 
!I g. Eow are specimens safeguarded from theft? 'I 
I 
" If you cannot make the trip to Harvard as an al ternate;j 
for this activity, you may inspect the mineral col-
lection of Mr. George Wilson at Q.uincy High School in 1 
the office of the assistant principal, or that of Hr. 
William A. Bradford at the Thomas Crane Public Library;! 
in Quincy, Massachusetts. 
C. Special Study Guides.--
1. Crystallography. li 
" 
A crystal is a homogeneous body bounded by smooth plane I' surfaces!! 
li 
that are an external expression of an orderly internal ar-
rangement, A homogeneous substance is one which is the same 
through its entire mass, 
Direction: 1. Draw a sketch of each of the minerals in 
this group. Observe carefully it 1 s cross 
section and indicate whether it is a square,' 
a rectangle, a rhombehedron, or a hexangle, 
!The angle between corresponding faces on crystals of the same 
mineral are always the same, This is known as the LAW OF 
CONSTANCY OF INTERFACIAL ANGLES. 
" 
Figure 2. Measuring Crystal Angles. 
Directions: 2. See ir you can set up two crystals of quartzi 
' 
so that you can locate corresponding faces 
on both or them. Measure and record some of] 
the angles between corresponding faces on 
both crystals and see if you agree to this 
LAW OF CONSTANCY OF INTERFACIAL ANGLES. Re-
peat the same process with crystals of 
calcite, pyrite, galena and tourmaline. 
Natural crystals have been formed in nature several ways. One 
probable way in which they form is in separating from a hot 
solution as it cools. Another way is to have the solvent ma-
terial evaporate to such an extent that it can no longer hold a 
substance in solution. 
Directions: 3. In the small beaker provided with a glass 
plate there is a solution of sodium 
thiosulfate. Heat it up until it boils 
using a tripod and an asbestos centered wire ,I 
gauze to support it. Ir you add a few more 
crystals or sodium thiosulfate at this 
temperature, you will see that they dis-
solve. ~~~=====,~=~cc_cc~~c~= 
~0 
I 
I 
I 
.I 
I 
Directions: 4• 
Directions: 5. 
·- ---------~~-----=== . , ~c cc-jFc· 
Now cool the beaker down to the temperature 
of the water by running cool water over the 
sides of the beaker, Again add a couple of 
crystals of sodium thiosulfate, lvatch 
closely what happens. Record your obser-
vations, Be sure you heat it to the boiling; 
point again and cover it before you put it 
back in the drawer. 
Observe the two clusters of quartz crystals•li 
' 
How would you say these were formed? 
' Cover the bottom of a small beaker with some:j 
', 
carbon disulfide and dissolve in it a pinch 
of sulfur. The carbon disulfide should 
quickly evaporate and leave behind some well!, 
formed crystals. In case they don't form by 
the end of the period, leave them until the .~ 
next time you have a chance to look at them., 
2. Hardness and Tenacity. 
Hardness in a mineral is the resistance a smooth plane surface 
of the mineral offers to scratching. This property is often 
mistaken to mean toughness or the ability of a mineral to re-
sist breaking apart, crushing, bending and tearing. Be careful 
that you do not mal~e that error. We call this toughness 
tenacity. Instru.1nents have been devised to tell accurately how ,, 
much harder one substance is than another, Hardness is an 
important factor to consider in the wearing or lasting quality 
If 
·' il ,, 
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of any mineral. Diamonds are the hardest substance knoHn, but 
.only certain kinds of diamonds called bort are tough. An old 
I system used to rate hardness from one to ten by finding the 
I 
/hardest substance that Hill scratch a smooth surface of the 
mineral tested is: (1) talc, (2) gypsum, (3) calcite, (4) 
fluorite, (5) apatite, (6) orthoclase feldspar, (7) quartz, (8) 
topaz, (9) corundum, (10} diamond. An appropriate general scale!
1 
for us to use is: below 2. if scratched by your fingernail; 
below 3. if scratched by a penny; below 6. if scratched by a 
knife; below 7. if scratched by a hardened file. 
Directions: 1. Using these tests last given see if you vJil~i 
agree to the placement of talc, gypsum, 
calcite, fluorite and quartz on the table. 
Test any other substances available for 
their hardness and record them on a chart in;, 
Mineral Name 
your notebook in the way illustrated below. 
Lowest Thing On Hardness Scale \ 
That Will Scratch It 
Hardness 
Number 
' 
It is possible for convenience to further subdivide tenacity as:·: 
a. brittle-- falls apart to a powder when hit with a hammer. 
b. malleable-- can be pounded out into thin sheets Hith a 
hammer• 
c. ductile-- can be drawn out to a thin wire. 
d. elastic-- readily returns to original position when bent. 
I 
Name 
Directions: 2. Classify iron, aluminum, sulfur, tin, lead, 
zinc, copper, glass and mica in the form 
of a chart illustrated below: 
brittle malleable ductile elastic 
3. Cleavage and Fracture. 
If a mineral breaks apart when pressure is applied and breaks 
1
along a definite 
I cleavage. 
1 Direction: 1. 
plane direction it is said to possess a 
Break apart with your fingernail a piece of 
i mica. Sketch its cleavage. 
II 
!i 
' Direction: 2. Observe a piece of galena and see that it has,i II 
two cleavage directions at right angles to 
each other. Sketch its cleav~ge. 
Direction: 3. Observe the cleavage in calcite. See if you 'i 
can describe the difference bett•een this 
cleavage and that of galena. 
Direction: 4. Very carefully observe the cleavages of 
I
The breaking apart 
due to an internal 
gypsum with the aid of a lens. How many 
different directions can you find? 
of a mineral on cleavage planes is perhaps 
molecular alignment in the crystal structure 
along definite directions. Host minerals do not seem to part 
along cleavage lines when they break. If there is a smooth 
" 
I 
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hollow break we call this glassy, shell-like or concoidal. If 
the mineral breaks apart in long thin fibers, it is said to havei 
a fiberous cleavage. If the mineral breaks apart in an ir-
regular pattern it is said to have a hackly fracture. 
Directions: 5. Record in a table of the type below the 
Mineral Name 
4· Specific 
fracture of glass, hornblend, quartz, 
asbestos, anthracite, obsidian, feldspar. 
I 
T;me of Fracture 
Weight. 
: 
I 
i 
' 
' 
' When you pick up a piece of aluminum and a piece of iron of the , 
same size and shape you can tell from the heft of them that the i
1 
iron is heavier than the aluminum for the same volume. Try 
this with the blocks provided and see if this is so. The weight•, 
of a substance for a given volume is called its density. If we i 
compare the weight of a substance with the weight of the same 
volume of water, we are then talking about its specific Height 
or specific gravity as some call it. Some minerals have a 
definite specific weight when they are found in the pure form 
which serves as a good way to help identify them. 
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Figure 3. Use of balance, 
rJ 
_J 
' ,_ .:>. 
Directions: 1. Place the specimen you are testin8 on the 
left hand side of the balance as indicated 
II 
il 
'I 
I' ,I 
,, 
4 ,, 
'lj 
,, 
by the Diagram A. Counterbalance this using\'! 
the set of brass t-;eights on the right hand 
side. When you find the combination of 
weights that falls short by ten grams or 
less of bringing about a balance, use the 
rider which will enable you to read weight 
to a tenth of a gram with good accuracy. 
Record this in the column marked "Weight of 
Specimen", Now hang the specimen by means 
~5 
of the thin bell wire provided fror1 the hook ' 
below the left hand balance pan and have it 
completely submerged in a jar full of water. [i 
Make sure that the specimen hangs freely in 
the water and that no part of it is touching i' 
the sides of the jar, Find out now what the :J 
=======-==--~--- ~-o-=-- ·-----c==----4--== 
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: 
weight of the substance is in water, and 
record this weight in the column marked i 
I 
"Weight in Water". Subtract the "Weight ,~ 
"Weight of Specimen11 anctl 
:I 
in Water" from the 
record this in the column labeled "Weight 
of an Equal Volume of Water." In the last 
column record the 11 Specific 1.Jeight, 11 This !I 
I! I 
we figure by dividing the "lveight of li 
'I 
Specimen" by the "lveight of an Equal Volume
1
l 
of Water," 
5. Properties Dependent on Color. 
The color of a mineral itself is an unreliable determinant of 
what the mineral is. Minute quantities of impurities present 
may cause a change in color. The green color of most in-
expensive bottles is due to a slight bit of iron in the glass. 
Directions: 1. How many different colors can you detect in 
the specimens of tourmaline and quartz? 
Record them. 
A more reliable determinant is the color of tre povlder of a 
ineral, This can most easily be found by drawing the mineral 
across a piece of unglazed porcelain. vle call this the Streak 
of the mineral. The base of the mortar is unglazed and will 
serve this purpose. 
Directions: 2, The streak of graphite may be found from a 
':'1 
ii 
li 
'I 11 lead11 pencil. Pencils are made of graphite ~I 
" 
., 
,, 
Compare this streak to that of lead. Record 11 
'I o=-~~=~~~~-==-=r 
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also the streak of hematite, cinnebar, 1 
galena and bournite, Select any four other! 
i 
specimens and see what their streak is. 
Another property dependent on light is luster, Minerals with a 
metallic luster do not allow light to pass through them even in i 
very thin slices, Those which do not have a metallic luster canji 
:: 
be further subdivided into: a, "vitreous" or glassy; b, 
"resinous" or rosin like; c. "pearly"; d. "silky"; e. "adm:1an- ;! 
tine" or diamond like; f. 11 irridescent" or play of colors, 
Directions: J, Classify the specimens provided according 
to luster. 
We also can classify minerals by the degree to ~Vhich they will 
allow light to pass through them. Opague means they Hill allow , 
I! 
no light to pass through them. Transparent means that they 
allow light rays to pass through easily so that an object may 
clearly seen through it as through glass. Translucent means 
that the mineral will allot-r light to pass through it but not 
enough to allow :Jrou to see objects as ~Jith waxed paper. \ve 
call these properties Diaphinity. 
Directions: 4. Classify the specimens provided according 
to diaphinity. Besides the already men-
tioned specimens there Hill also be amber, 
feldspar, calcite, galena, pyrite, garnet, 
tin, talc, asbestos, and halite, 
i: 
: 
I, bel> 
:r 
if 
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Specimen Color Streak Luster Diaphinity " 
6, Refraction. 
Some minerals will allow light to pass through them but will 
bend the light rays, A measure of the amount a mineral bends 
light rays is called its index of refraction. One of the best 
ways of determining an unknown mineral is to find out its index 
of refraction by means of a special microscope. 
I 
d ~8 
'I II 
- ;,_- _. 
Directions: 1, On a piece of plain white paper set a piece 
of thick plate glass as indicated by the 
diagram below. Carefully trace the outline 
of the block on to the paper. Place pin A. 
as indicated on one side of the block, Thend 
draw line A. making an angle of about sixty II 
!i 
degrees with the edge of the block. Locate 
with your eye at what position pin B. on 
opposite side of the block will be com-
:i 
theii 
pletely masked by the pin A. and stick it 
into the paper marking the point B. Now 
from the other side of the block sight back 
to see along what line you have to look to 
mask out the pin A. Draw this line accur-
'i 
ately with a ruler and call it line B. What!! 
is the relationship of lines A to B? 
I 
I 
L--· 
I 
Figure 4. Refraction of light by glass, 
.~ 
II 
'I 
i( 
ji 
The high value of' gems is due to their scarcity, durability, an~j 
high index of' refraction which enables them to ref'lect back f'ro,j 
their surf'acea a great deal of' light when properly cut as with 
the "Brilliant Cut" diamond. Glasa properly cut can appear 
almost as bright as diamond, This is due f'rom reflection within'l 
f'rom a crystal f'ace. 
Directions: 2, Using a triangular-shaped piece of' glass, 
set it up as indicated in the diagram, 
Trace its outline on paper. Using about thell 
same procedure as bef'ore place a pin at A, 
but this time make line A. perpendicular to 
the edge of' the triangle. Move the pin B. 
along the side of' the triangle to the right i: 
up and down until you locate where it is 
i 
masked by the pin A. Stick it in here and :! 
i label it on the paper the pin B. Now f'rom :i 
., 
,, 
the other direction sight and f'ind out alongil 
which line you must look in order to have 
pin A. masked by pin B. If' light travels 
straight lines it must be that it has re-
inff 
,, 
II 
'· 
f'lected of'f' the hypotenuse of' our triangular 
prism within the crystal. 
Figure 5. Total Reflection f'rom within. 
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Still another property possessed by some minerals is double re- il 
f'raction; calcite and tourmaline are especially noted f'or this. Jl 
!j 
'I A light ray appears to be split up and sent in two directions 
II 
i) ,, 
ii by these minerals. This property enables them to split apart 
" 
,, 
!! light rays and plane polarize them. 
Directions: 3. 
7. Fusion. 
II 
Slowly rotate a crystal of' calcite on a dot II i; 
marked on paper; look at print through 
calcite. What happens? 
; 
li 
'I 
i) 
!; 
,, 
il j, 
,, 
' 
An important characteristic of' most pure materials is that unde:r1l 
the normal conditons of' pressure they have a def'inite melting 
point. For most minerals this point is a very high temperature,' 
about 1500 degrees. The average temperature of' the laboratory 
Bunsen burner is about 1100 degrees Centigrade, which is too low: 
to af'f'ect most minerals. A blowpipe used with a Bunsen burner 
will reach a temperature of' close to 1500 degrees Centigrade, 
hot enough to melt most minerals. A scale of' f'usion has been 
suggested as f'ollows: 
11 'N"'um-b:---er--,----::M""',i:-n-e_r_a-<l.----r--;-Jvl:-e""l'"'t-,i:-n-w--,:P"'"o-i-:-n--,-t,.-------:R:-e-m-a-r-,k:-s----~~ 
1. 
2. 
3. 
4· 
5. 
6. 
i 
Stibnite 
Chalcopyrite 
Garnet 
Actinolite 
Orthoclase 
Bronzite 
Quartz 
525 deg. C 
Boo deg. c 
1050 deg. c 
1200 deg. C 
1300 deg. c 
1400 deg. C 
1470 deg. C 
'I 
Fusible in a candle ;i 
f'lame , 
Easily f'usible in a 'il 
· Bunsen burner :1 
Easily f'usible in the 
blowpipe ij 
Sharp pointed splinter \'I 
f'uses in the pipe 
. Sharp edges round in II 
:. the blowpipe 1) 
Very f'ine splinters :1 
are rounded 'I 
Inf'usible in labora- '.I_' 
torv f'lam~~====-·=#==== 
" 
Directions: 1, Use of the blowpipe. 
Cut off the air supply at the bottom of the Bunsen burner so 
that it produces a bright flame, Put the blowpipe tip inside ir 
il 
the flame near where it comes out of the Bunsen burner. Use a 
steady stream of air through the blowpipe. You can get this by 1:1 lj 
' puffing out your cheeks with air as a reservoir. While you are 'I] 
L drawing a new breath of air through your nose, you can squeeze '· 
out the reserve air supply. 
a... b 
,.. 
Figure 6, Using the blowpipe. 
II Test talc, galena, asbestos, chalcopyrite, orthoclase, quartz, ,, 
:j 
hall te, gypsum, and marble. Record what you think their fusion \i 
point is. As labeled in the diagram above the parts of the 'f 
blowpipe flame are: 
a. final burning gases, carbon dioxide and water. 
b, pale violet flame consisting of burning gases, 
c. blue unburned carbon monoxide, hydrogen, and oxygen, 
o. oxidizing area, 
r, reducing area. 
8. Reduction of Ores, 
Up to the present time some ninety-eight different elements of 
hich minerals may be composed have been found, Only about 
ourty-four of these are of immediate importance to us in our 
ally lives. The presence of some of these elements, or .! II 
" 
- ~ - -··--------'-=--=-- _ __;____,_ . - ---- --
particular groups of elements called radicals, may be dis-
covered in minerals by simple chemical tests. 
The process of reduction consists essentially of the removal of 
metals from a compound. Carbon is the reduction agent most 
frequently used in the form of coke in industry to reduce ores 
to their metals. Here in the laboratory we will use carbon in 
the form of charcoal to do the same thing. 
S" (.1/N.I !'fAT£. 
Figure 7. Reduction with charcoal block. 
To use the charcoal block, dig a little one quarter inch hole 
in it and put in the hole a sample of the materials being 
tested. Sometimes the oxide of the reduced metal condenses on 
the cooler part of the block in colors which aid in the identi-
fication of the metal~ Some metal ores will reduce to a little 
metallic globule on the charcoal block. A reducing flux of 
sodium carbonate and carbon mixed with the sample of the 
powdered ore may be helpful in bringing about the desired re-
I~ 
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duction. Chemically the carbon will unite to the oxygen of the II 
oxide of the metal and thus free the metal of it. A blowpipe 
flame is used in the reduction. 
Directions: 1. Test the following minerals with and with-
out any flux and compare the results of 
the two. Be careful to notice whether or 
not there is a difference in the color of ,r 
-!I 
II 
il 
II 
- - ~ -_ 
the sublimate when its hot and when its 
cold. 
a. copper chloride 
b. copper nitrate 
c. lead carbonate 
d. tin chloride 
e. lead sulfide 
f. bismuth 
Test the bismuth metal mixed with a flux of potassium iodide 
sulfur called "iodine flux." Try the lead sulfide with t:'le 
"iodine flux." 
Mineral Sublimates Flux Globule 
9. Flame Tests for Metals. 
il 
'I 
Some metals when they are heated to a high temperature will giveii 
off easily detected colored light when they are changed to a gas11 
and are part of the burning gases. Platinum does not vaporize 
in the flame of a Bunsen burner, nor is it acted upon readily 
by other chemical substances and thus it is used in this test. 
A platinum wire dipped into concentrated hydrochloric acid will 
change impurities on the wire to easily vaporized chlorides 
which can then be boiled away in the flame of the Bunsen burner. 
Each time, after using the wire to clean it, dip it into con-
centrated hydrochloric acid and see that no impurities con-
<13 
'1 
taminate it. The color of sodium metal in a flame is a bright li 
II ~,~~~'='~-,===~~~~=-=i-ei=~- === 
II 
!i ,, 
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yellow, so that some flames are blocked out by it, In order to 
see a potassium flame, it is necessary to use a thickness of 
cobalt blue glass between your eyes and the flame, because a 
compound that contains natural occurring potassium also will 
have some traces of sodium usually in it. 
Directions: 1. Test the following powder vlith and without 
the cobalt blue glass and record the color 
of the flames. 
1. Sodium chloride 4. 
2. Potassium chloride 5. 
3· Strontium nitrate 6. 
Lithium nitrate 
Barium hydroxide 
Copper oxide with hydro-
chloric acid 
Directions: 2. Boron mixed with alcohol will give the 
flaming alcohol a greenish color. Try 
mixing the compound borax with alcohol in a 
dish and ignite it to see the color of the 
flarning alcohol. 
Directions: 3. Ask to have the spectroscope which will 
analyse the color of a flame and tell the 
mineralogists the content of a flame 
demonstrated to you. 
10. Glass Tube Tests on Minerals. 
A simple hollow tubing can reveal much about a mineral. Here 
we will make use of an open tube, a six inch length of glass 
tubing one quarter inch in diameter open at both ends, and a 
I 
I 
'I 
I 
I 
d 
II 
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closed tube made by holding one end of the open tube in the .i 
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f'lame of' the Bunsen burner and rotating it slowly until it sealsir 
I 
in the f'lame. Deposits of' sublimates condensed on the sides of' ;I 
the tubes will give clues as to the contents of' a mineral. 
Open tube tests. Water condensed on the sides of' the tube 
usually indicates that there is water of' crystallization on the 
mineral. Sulf'ur leaves a brownish to yellow deposit on the 
sides of' the tube. Arsenic and mercury will leave a metallic 
mirror like deposit on the sides of' the tube. The odor of' 
arsenic you will recognize as the same as that of' a f'amiliar 
seasoning vegetable. 
Directions: 1. Test and describe the sublimates left by 
Closed tube tests: 
pyrite, arsenic, sulfur, mercury chloride 
in an open tube~ 
All materials to be tested here should 
be ground up in a mortar and then tapped into the open tube to 
the bottom. Use about one half inch of the powder on the 
bottom. Water condensed on the sides here may mean several 
things. Water may show water of crystallization, or the 
presence of the hydroxyl radical. Sometimes the water may have 
been made acid by the presence of hydrochloric, hydrofluoric or 
sulf'uric acids. Should any one of' these be present in the 
water, a piece of' blue litmus paper will turn red. In an acid 
Tumeric turning brownish or red litmus turning blue will indi-
cate that the water is basic. The sublimates of the open tube 
test are also f'ound with the closed tube. 
i 
!I 
:I 
Directions: 2. Test feldspar, quartz, gypsum and copper 
sulfate for water in the closed tube. 
Directions: 3. Test pyrite for sulfur in the closed tube. 
Directions: 4. Test mercuric chloride for mercury in the 
closed tube. 
11. Tests for Non-Netals. 
Definite chemical test aid us in detecting the presence of the 
non-metallic element or groups of elements in a mineral. 
are helpful in identification of minerals. 
Directions: 1. Sulfide test. To a suspected sulfide add 
to its ground up powder some sulfuric acid. 
Then touch a drop of this to a coin con-
taining silver. A blaclc tarnish, silver 
sulfide, on the coin indicates we have a 
sulfide. Test pyrite. 
Directions: 2. Chloride test. If the mineral dissolves 
in water, add to it a solution of silver 
nitrate and you should get the formation 
of an insoluble white material if you have 
a chloride. If the Hhite material does not 
dissolve when we add nitric acid to it, we 
can be more sure of our chloride. This 
white deposit also should turn black when 
left in the sun. Test sodium chloride 
and potassium chloride. 
II 
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Directions: 3. Carbonate test. To a suspected carbonate 
add hydrochloric acid. The vigorous 
bubbling of a gas is a good clue to the 
liberation of carbon dioxide. To be sure, 
-- _-.T, - -------=-_c::::-:-~-~ 
'I 
we pass the gas through a solution of lime-
•;ater, This should turn milky color from 
the gas carbon dioxide set free from the 
carbonate. Test limestone, 
Directions: 4• Sulfate test. If the mineral is supposed 
to contain sulfate radical and will dis-
solve in water, add to the solution a 
small amount of barium chloride, A white 
deposit indicates we have a sulfate. •rest 
copper sulfate and sodium sulfate. 
Directions: 5. Fluoride test. Cover a piece of plate 
II! 
,, 
II 
I !l 
I 
glass with melted parafin and make a scratch','l 
,, 
down to the glass in it when it hardens, 
Put the mineral povJder in the scratch and 
add a few drops of concentrated sulfuric 
acid, This will alter the fluoride to 
hydrofluoric acid which will in turn etch 
the glass. Remove the wax to see if the 
glass becomes etched, Test fluorite. Test 
glass with sulfuric acid alone, 
Directions: 6, Silicate test, Host of the rock forming 
minerals are silicates, An insoluble 
I! 
silicate must be decomposed by fusion with 
sodium carbonate. Melt a small mnount of 
sodium carbonate onto a small loop of 
platinum wire until it becomes a trans-
parent bead. Then pick up a few grains of 
the suspected silicate and heat the bead 
in a flame until it appears that the 
silicate has dissolved. Dissolve the bead 
in nitric acid. A residue indicates 
silicate. Test feldspar. 
12. Quincy Granite. 
The four rock forming minerals of Quincy granite are the most 
common minerals of primary or igneous rock. The fifth common 
rock forming mineral is olivine, magnesium iron silicate. 
Directions: 1. Examine carefully all five of these rock 
forming minerals and determine any proper-
ties you can, such as, hardness, luster, 
streak, color, cleavage, diaphinity, 
fracture or any other characteristic you 
can observe. Biotite or black mica con-
tains potassium magnesium iron aluminum 
silicate whereas muscovite or 1-lhi te mica 
contains no iron or magnesium. There is a 
range from no iron to the maximum amount in 
biotite. Feldspars range in chemical com-
!I 
position from pure potassium aluminum 
n 
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silicate to sodium aluminum silicate or 
calcium aluminum silicate, Quartz is 
simply silicon dioxide. Hornblend con-
sists of a very complex series that varies 
with respect of calcium to sodium, magna-
slum to iron, aluminum to ferric iron, 
''i 
'i 
aluminum to silicon and hydoxyl to fluorinerj 
,, 
and contains titanium, oxide and silicate, :1 
The chemical process of erosion dissolves and destroys these 
minerals to redeposit them again as sedimentary rocks, Sodium, 
calcium, potassium and magnesium dissolve in water and event-
' 
:! 
ually end up in the sea to be precipitated when seas dry up or I' 
'I to be extracted by living matter to form such things as rock ~~ I 
salt and limestones. Quartz is not affected and ends up as sand:l 
or sandstone, Aluminum and iron form insoluble oxides and are 
deposited as shale, 
Directions: 2, Carefully examine the specimens of Quincy 
granite which are weathered. Which of the 
four minerals appears to be attacked first 
by the agents of erosion? Which of the 
four minerals is left unaltered by weather-
ing? Examine some of the sand sample from 
Wollaston Beach and see which one is the 
most predominant mineral, What mineral 
don't you see? What is the rust color of 
the weathered granite caused from? 
. -----:-:----=----o=--- -- ----------=-- ----------- --
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Directions: 3. Study the smoothness of the polished stones.:! 
This suggests a use of the granite. List 
all the ways in which you know or have 
heard QMincy granite is used. 
Directions: 4. What minerals are missing from the Diorite? 
Directions: 5. What mineral colors the Vermont granite 
pink? 
Optional Related Activities.l (Numbers refer to the refer-
1 
ences in the pupil list under optional related activities.) 
When you have completed the materials in the unit assignment or 
with the permission of the instructor you may be interested in 
pursuing some of the topics below: 
1. Ornamental Minerals (2: 379-381) 
a. What are some of the minerals used for decorative 
purposes? 
b. How have they been used in the City of QMincy? 
c. Which are the best for sculpture? 
2. Pottery and Glass (1: 343-355) 
a. What minerals go into the manufacture of glass? 
b. Does the addition of different chemicals change 
the properties of the glass? 
3. Natural Pigments (1: 418-420) 
a. What minerals are used in paint pigments? 
b. Record the pigments used from paint labels in your 
home. 
1/ Roy 0. Billett, op. cit., p. 507. 
flo 
4. Lime, Cement and Plaster (1: 405-413, 4: 78-104) 
a. What minerals go into the making of these? 
b. How are each of these made? 
c. How do they harden? 
5. Radio-Active Minerals (5: 1-110) 
6. Crystal Used in Radio (3: 205-231, 6: 202-204) 
a. What minerals are used? 
b. What is the piezo-electric effect? 
7. How many different minerals can you find walking along 
Wollaston Beach? 
References for the Pupils use: Not having any text books 
available for class reference, it was decided to send to the 
producers of mineral ores and products for a reference library 
to use in connection with this study direct. A short letter of 
the form as follows was sent to various producers in the 
country. All seemed very willing that their materials be used, 
if there was any available. Replies were received from all the 
!letters written. In some instances where the producer had no 
materials available, he sent the name of another producer, 
parent company or organization which would send descriptive 
materials. Only seventy-five letters were sent, and the re-
sults were very adequate to fill the needs of the students. 
There could have been many more. 
1. The Letter. 
Name of Company 
Street Address 
City and State 
Dear Sir: 
North ~uincy High School 
North ~uincy, Mass. 
(date) 
As a teacher of chemistry and physics at the above men-
tioned high school, I am interested in obtaining from a first 
hand source descriptive materials about your product, (name 
I the product), 
I If you have available pamphlets, charts, tables or 
diagrams, I would appreciate your sending along any you feel 
might be helpful to me, 
Sincerely yours, 
Gerald J. Lyons 
It was interesting to note one producer used sixty-seven cents 
postage in sending along descriptive materials on industrial 
diamonds. Many invited that further requests be made for 
additional copies or additional materials. Some enclosed lists 
lof 
I 
I 
I 
their publications, 
2. Books, (available in the school library or on the 
teacher's desk) 
a, Strategic Minerals 
(1) Reader's Guide to Periodic Literature, Harold 
w. Wilson Company, New York, 
b, Gems 
II 
!! 
I 
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(1) Bradley, John A., Autobiogra~hy of the Earth, 
Coward I1cCann, New York, 193 , pp. 273-293. 
(2) Fraser, Chelsea c., Secrets of the ~arth, 
Thomas Y. CroHell, Ne-.r York, 1921, pp. 113-
140. 
(3) HacDonald, James, JeHels and Gems, Thomas Y. 
Cro;Tell Company, New York, 1940. 
(4) Wheelock, Herbert P., The Story of Gems, Lee 
Furman, New York, 1936. 
c. Optional Related Activities 
d. 
(1) Ahrens, Busch, Easly, Living Chemistry, Ginn 
and Company, Boston, 1942. 
(2) Dana-Hurlbut, Manual of Nineralogy, John \viley 
and Sons, New York, 1941. 
(3) Hathaway, Gordon, Fundamentals of Radio, 
American Technical Society, Chicago, 1943· 
(4) Read, Thomas, Our Mineral Civilization, The 
Century Company, New York, 1932. 
(5) Stark, Lillian H., Radium a Magic Hineral, 
Harper and Brothers, Nev1 York, 1941. 
(6) Terman, Frederick, Fundamentals of Radio, 
HcGraw-Hill, New York, 1938. 
Mineral Reference Books 
(1) Dana-Hurlbut, Manual of Mineralogy, John Wiley 
and Sons, New York, 1941. 
(2) Stark, Lillian H., Asbestos, Harper and 
Brothers, New York, 1941. 
(3) Stark, Lillian H., Nickel, Harper and Brothers, 
New York, 1941. 
3. Pamphlets. (along the bench in back of the teacher's 
desk) 
a. Aluminum 
(1) A-B-C's of Aluminum, Reynolds Hetals Company, 
Louisville, Kentucky, 1950. 
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(2) Alllininllin, National Association of Purchasing 
Agents, New York, 1950. 
(3) An Outline of Aluminum, Aluminum Company of 
America, Pittsburg, 1950. 
(4) Annual Report, Aluminum Company of America, 
Pittsburg, 1950. 
(5) Revere Aluminum Products, Revere Copper and 
Brass Company, New York, 1950. 
b, Asbestos 
c. 
(1) Asbestos Cement Products, Asbestos Cement 
Products Association, New York, 1948. 
(2) Asbestos Cement Products Guide, Asbestos Cement 
Products Association, New York, 1949. 
(3) Fact Finder, Union Asbestos and Rubber Company, 
Chicago, 19.50. 
(4) Story of Asbestos, Phillip Carey Company, 
Cincinnati, Ohio, 1949, 
(5) Unarco Insulation, Union Asbestos and Rubber 
Company, Chicago, 1950. 
Brass 
,, 
,, 
;I 
ii 
il 
1: 
II (1) Chase Dictionary of Brass and Copper, Chase 
Brass and Copper Company, Waterbury, Conn., 194l;.i: 
" d, Bronze 
L: 
' (1) Tobin Bronze, A-merican Brass Company, Waterbury,'; 
Conn,, 1949. ' 
e. Carbon 
(1) Bulk Handling of Carbon Black, Godfrey Cabot, 
Boston, 1947. 
(2) Cabot Carbon Black Gradin For Rubber, Godfrey 
Cabot, Boston, 19 9. 
ii (3) Coke and Coal Chemicals, American Coke and Coal i! 
Chemicals Institute, Washington, D. c., 1947, :J 
!i 
(4) Study in Black, Godfrey Cabot, Boston, 1950, ~ 
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f. Carbonate 
(1) G Whiting, Calcium Carbonate Company, Chicago. 
(2) Solvay Blue Book, Allied Chemical and Dye 
Corporation, New York. 
(3) Solvay Products, Allied Chemical and Dye 
Corporation, New York. 
g. Copper 
(1) Anaconda Copper and Copper Alloys, American 
Brass Company, Waterbury, Conn., 1945. 
(2) Copper and Brass Bulletins, Copper and Brass 
Research Associations, August 1950, November 
1950, February 1951, May 1951. 
(3) Fundamental Characteristics of Revere Hetals, 
Revere Copper and Brass, New York, 19SO. 
(4) Radiant Panel Heating, Revere Copper and Brass, 
New York, 1949. 
(5) Your Dream Home, Copper and Brass Research 
Association, New York, 1950. 
h. Diamonds 
(1) Diamond News, South African Jewelers Associ-
ation, Kimberly, South Africa, April 1950, 
(2) Diamond Wheels and Hones, J, K. Smit and Sons, 
New York, 1948. 
.i ss 
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(3) Industrial Diamond Tools Catalog, J. K. Smit and 
Sons, New York, 1948. 
(4) Industrial Diamond Review, Treifus and Company, 
London, England, October 1951. 
i. Nickel 
(1) Romance of Nickel, International Nickel Company,.: 
New York, 19SO. 
j. Oil 
(1) Petroleum Chemicals, Bureau of Educational 
Services, New York, 1948. 
k. Water 
,, 
(1) Water in Industry, National Association of Manu-' 
facturers, New York, 1950. 
1. Refractories 
m. 
(1) Catalog of Refractory Products, Davis Firebrick 
Company, Oakhill, Ohio. 
(2) Catalog of Refractory Products, General 
Refractories, Philadelphia, Pa. 
(3) Duro Acid Proof Brick and Tile, Harbison-lvalker 
Refractories, Pittsburg, Pa. 
(4) Fire Insulating Brick of Importance, Harbison-
Walker Refractories, Pittsburg, Pa. 
(5) High Alumina Refractories, Harbison-Walker 
Refractories, Pittsburg, Pa. 
(6) Korundal, Super Duty Refractory, Harbison-lvalkeri,·ll, 
Refractories, Pittsburg, Pa. 
(7) Vega, Silica Brick, Harbison-Walker 
Pittsburg, Pa. 
Refractoriesll 
I 
I! 
Steel 
(1) Business Big and Small Built America, statement 
on monopolies, Washington, D. C., pp. 1-171. 
(2) Cerro Bolivar, reprint from February 1950 
Journal of Metals and Nining Engineering. 
(3) Crucible Steel Analysis, Crucible steel Company 
of America, New York. 
,, 
i 
I 
(4) Nan's Most Useful Metal, Republic Steel 
Cleveland, Ohio. 
Company,' 
(5) Men of Steel, Republic Steel Corporation, 
Cleveland, Ohio. 
(6) The Picture Story of Steel, American Iron and 
Steel Institute, New York. 
(7) Plant and Facilities, Republic Steel Corp-
oration, Cleveland, Ohio. 
,, 
(8) Policies on Costs, .Prices, Plants, 
of U. s. Steel, Report on Honopoly 
tion, Washington, D. c., 1950. 
---4-
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Productivity '' 
Investiea-
(9) Romance of the Great Lakes, Reprint fr>om the 
Export Bugler of U. S. Steel, March 1951. 
(10) Science in Steel Making, a series of informa-
tion pamphlets published by U. s. Steel, New 
York. 
(11) Steel Naking in America, U. S. Steel, New York, 
(12) Steel in the Haking, Bethlehem Steel, Bethlehem, 
Pa., 1950. 
(13) Story of Steel, U. s. Steel, New York, 1950. 
(14) Story of Wires, American Steel and Wire 
Cleveland, 1948. 
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Free Picture Films For Use With The Unit, All are 16 mm. sound 
1
1 
,I 
films. Those underlined were used in the unit. i] 
Aluminum Company of America, 818 Gulf Buildine;, Pittsburg, Pa. ;I 
CURIOSITY SHOP 
UNFINISHED RAINBO}!S 
THE DAVENPORT STORY 
DATE LINE TOHORROW 
Color 
Color 
1949 
1946 
28 min, 
38 min, 
22 min. 
19 min. 
American Hot Dip Galvanizers Association, Inc., 2311 First 
National Bank Building, Pittsburg 22, Pa. 
!1UST IT RUST 1947 28 min. 
'American Institute of Steel Construction, Inc., Department of 
Educational Service, 101 Park Ave,, New York 17, N. Y. 
STEEL 20 min. 
American Gas Association, Promotion Bureau, 420 Lexington Ave., 
New York 17, N. Y. 
ETERNAL FLAHE Color 30 min. 
GAS Color 29 min. 
MIRACLE FLAl'·'lE Color 22 min. 
OUR SILENT PARTNER Color 1950 30 min, 
PIPE DREAHS COME TRlJE Color :L950 22 min. 
ij 
;I 
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American Petroleum Institute, Oil Information Committee, 50 
50th St., New York 20, N. Y. 
LAST TEN FEET Color 
TWENTY-FOUR HOURS OF PROGRESS 
1949 
1950 
20 min. 
28 min. 
American Potash Institute, Inc., 1155 Sixteenth St., N. W., 
Washington, D. c. 
BORAX FROM DESERT TO FARM 
POTASH PRODUCTION IN AMERICA 
Color 
Color 
25 min. 
40 min. 
Arnpco Metal, Inc., 1745 South 38th St., Milwaukee 15, Wis. 
GOLDEN HORIZONS Color 1945 
Anaconda Copper, 23 Broadway, New York 4, N. Y. 
COPPER 
OPEN PIT JUNE IN CHILE 
Color 
Color 
30 min. 
35 min. 
20 min. 
Godfrey L. Cabot, Inc., 77 Franklin St., Boston 10, Hass. 
STUDY IN BLACK Color 1950 30 min. 
pow Chemical Company, Public Relations Dept., l'lidland, Nich. 
I THIS IS NAGNESIUM 25 min. 
TREASURE FRON TH~ S~A Color 1950 11 min. 
ord Hotor Company. Secure through local dealer. 
IRON ORE TO HOTIVE POWER 1950 28 min. 
General Electric Company, 140 Federal St., Boston 1, Mass. 
METAL 11AGIC 10 min. 
oodyear Tire and Rubber Company, Notion Picture Department, 
ron, Ohio. 
NODERN COAL !'liNING 25 min. 
20 North lrlacker Drive, Chicago 6, Ill. 
WHITE HAGIC 1948 15 min. 
deal Pictures Corporation, 40 Nelrose St., Boston 16, Hass. 
BUILDING OF A CHARACTER I>'IETAL 
I-lAN !-lADE CANYON Color 
18 min. 
18 min. 
.. S8 
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MEN HETALS AND HACHINES 
NICKEL NILLING AND SY!ELTING 
NICKEL TALES 
STORY OF NICKEL 
--=..--::=----·--:-
Color 1945 
35 min. 
18 min. 
9 min. 
30 min. 
Illinois Division of Department Reports, Film Library, 408 
Capitol Building, Springfield, Ill. 
YOUR JvliNING INDUSTRY 40 min. 
Indiana Limestone Institute, Bedford, Ind. 
NATION'S BUILDING STONE, THE 1947 20 min. 
International Harvester Company, Consumer Relations Dept., 
180 North Michigan Ave., Chicago, Ill. 
POWER THAT BRINGS YOU OIL Color 20 min. 
Interstate Oil Compact Commission, P. o. Box 3127, State 
Oklahoma City 5, Oklahoma. 
OIL FOR TONORROW Color 1944 30 min. 
Kendall Refining Company, Bradford, Pa. 
NATURE PLAYS FAVORITES Color 1949 25 min. 
li 
,, 
,, 
I !! 
Hodern Talking Picture Service, 20 'I Shawmut St., Boston 16, Mass. i; 
UNFINISHED RAINBOWS 
D!WiiA OF PORTLAND CET•IENT 
Color 
Color 
1941 38 min. 
30 min. 
Norfolk and !-.'estern Railway Company, Nagazine and Advertising 
Dept., Roanoke, Va. 
FOvlliR BEHIND THE NATION 1940 38 min. 
' I 
i' I 
I 
ii 
'I I, 
I 
Reynolds Metals Company, 2500 South Third St., Louisville, Ky. II 
FIGS AND PROGRESS 
SHAPE OF THINGS TO COY£ 
Color 
Color 1951 
30 min. 
30 min. 
Shell Oil Company, Film Library, 50 West 50th St., New York 20, 
N. Y. 
BIRTH OF AN OIL FIELD Color 1948 I. 10 '000 FEET DEEP 30 min. 20 min. 
I 
I 
The Texas Company, Boston, Mass. 
DEEP HORIZONS 
DESERT VENTURE 
LAST TEN FEEl' 
Color 
Color 
1949 
30 min. 
28 min. 
20 min. 
United States Bureau of Mines, Graphic services Section, 4800 
Forbes St., Pittsburg 13, Pa. 
ARC WELDING 
DRAWING, STRETCHING AND STAMPING 
HOW TO RIVET ALUNINUM 
GENERAL SHEET NETAL PRACTICE 
HOW TO BRAZE ALUNINUM 
TU~E AND SHAPE BENDING 
ALLOY STEELS 
COpPER LEACHING AND CONCENTRATION 
COPPER HINING IN ARIZONA 
COPPER REFINING 
COPPER SHELTING 
DRAT-'!A OF STEEL 
EVOLUTION OF THE OIL INDUSTRY 
JVJ.AGNESIU1'1, NEI'AL FROM THE SEA 
~~NU~ACTURED ABRASIVES 
NICKEL SJVlELTING AND MILLING 
NICKEL MINING 
NICKEL REFINING 
SAND AND FLAHE 
STAINLESS STEEL 
STORY OF COPPER 
STORY OF LEAD, A 
STORY OF NICKEL 
THIS IS ALUNINUM 
TIN FROM BOLIVIA 
TREASURE FRON THE SEA 
ZINC, ITS MINING, MILLING AND SMELTING 
FABRICATION OF COPPER 
STORY OF ROCK WOOL INSULATION 
HEAT AND ITS CONTROL 
STORY OF A STORAGE BATTERY 
MISSOURI AND ITS NATURAL RESOURCES 
NEVADA AND ITS NATURAL RESOURCES 
OKLAHOf~ AND ITS NATURAL RESOURCES 
OHIO AND ITS HINERAL RESOURCES 
TEXAS AND ITS NATURAL RESOURCES 
\v'YONING AND I'rS NATURAL RESOURCES 
ARIZONA AND ITS NATURAL RESOURCES 
CALIFORNIA AND ITS NATURAL RESOURCES 
Color 
Color 
Color 
Color 
Color 
Color 
Color 
1945 
1943 
1943 
1945 
1943 
1946 
1945 
1944 
1949 
1943 
1945 
1945 
1946 
1945 
1950 
1948 
1950 
1949 
1946 
1950 
1950 
1948 
10 min. 
22 min. 
26 min. 
20 min. 
7 min. 
13 min. 
20 min. 
15 min. 
45 Plin. 
15 min. 
15 min. 
34 min. 
33 min. 
23 min. 
24 min. 
18 min. 
18 min. 
9 min. 
20 min. 
29 min. 
34 min. 
29 min. 
30 min. 
45 min. 
20 min. 
14 min. 
30 min. 
45 min. 25 min. 
20 min. 
30 min. 
33 min. 
31 min. 
26 min. 
29 min. 
43 min. 
30 min. 
40 min. 
41 min. 
United States Steel Corporation of Delaware, New York Film 
Distribution Center, 71 Broadway, New York 6, N. Y. 
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IIi 
HAKING AND SHAPING OF STEEL 
AN ORCHID TO NR. JORDAN 
STEEL, HAN'S SERVANT 
Color 1949 
Color 
77 min. 
25 min. 
38 min. 
Vermont Harble Company, Proctor, Vt. 
CAVALCADE OF MARBLE 
MOUNTAINS OF MARBLE 
Color 27 min. 
22 min. 
List of materials for the laboratory. (Numbers in parenthesis 
indicate the laboratory exercises where the material is used.) 
;I 
1. Apparatus. I 
ii 
Balance, beam with range from one-tenth to ten grams. (4):! ,, 
Battery jar 
Blowpipes 
Bunsen burners 
Charcoal blocks 
Cobalt blue glass squares 
Contact goniometer 
File, triangular 
Glass tubing, i" soft glass 
Mortar and pestil 
Pen knife 
Pins, common 
(7) 
(1) (7) (8) 
( 4>il 
' ( 8) il 
I 
(11)!1 
' 
' ( 8) i 
I ( 9) ' 
II 
" 
( 1) !i 
!• 
( 2) I' 
,. 
' ( 9) i 
' 
( 7) (8) (10) 
(2) 
( 6) 
Platinum wire, set in six inch glass tubing handle(9) (11) 
Plate glass block (6) 
Plate glass prism (6) 
Ruler (6) 
Spectroscope, ruled grating type (9) !I 
}/eights, 10 gm. to 1 kg. (4) i' 
===-=~~~=======o=====-· -==~~~==~ ·== ... ~· ----
2, Chemicals and Minerals 
Aluminum, block 211 x 2" x 211 
Aluminum, strip 
Amber 
Anthracite 
Arsenic, lump 
Asbestos, mineral 
Azurite 
Barium chloride, 20% solution 
Bauxite, mineral 
Bismuth, metal lump 
Bournite, mineral 
Calcium chloride, powder 
Calcimn fluoride, powder 
Calcium hydroxide (limewater) 
Calcite, cleavages 
Calcite, optical 
Carbon disulfide 
Carnotite, mineral 
Cerargerite, mineral 
Chalcocite, mineral 
Chalcopyrite, mineral 
Chromite, mineral 
Cinnabar, mineral 
Copper, metal strip 
Copper, native 
i: fi2 I' il 
- ·-+,----- --
(3) Ut-l 
(1) (2) (3) 
" ' ,; 
I 
I (4l'l 
j: 
( 2 l!l 
,, 
(5 ): 
)\ 
(3);1 
'I ( 9 ):1 
( 7 >il 
( 13 )i! 
ii 
(11 )li 
' 
( 13 ) 111 
:I 
' (8) 
(13) 
( 9): 
(11) 
(11) 
(4) I 
(6) 
( 1) 
(13) 
(13) 
(13) 
(13) i 
( 13) ;' 
'I 
(10) (11) (13)1 
( 2) ':i 
'I 
( 13) ,1 
i 
----=-== 
h3 
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Copper clLloride, powder 
Copper sulfate, powder 
Corundum, mineral 
Cryolite, mineral 
Dolomite, mineral 
Enargite, mineral 
,, 
( 8 l,j 
I (9) (11)! 
:I (3) (13)1' 
(13)11 
'I (11 ),! 
' 
(10) ( 13)!: 
Feldspar, mineral 
Fluorite, mineral 
(2) (3) (4) (5) (8) (9) (11) (12l,! 
,i 
(2) (5) (13) i 
Franklinite, mineral 
Galena 
Garnet, crystal 
Garnet, in schist 
Glass, broken to show fracture 
Granite, light and dark colored 
Granite, all types, polished, weathered 
Graphite, mineral 
Gypsum, mineral 
Lithium chloride, crystal 
Molybdenite 
Niccolite, mineral 
Obsidian, rock 
Olivine, mineral 
Orpiment, mineral 
Potassium chloride, crystal 
" 
" (13)!1 
H 
(1) (3) (4) (7) (8): 
'I (2) (5li! 
(2) 
(2) (3) (7) 
(13 l!l 
II, 
( 3) :! 
:I 
(4) '1. 
, 12) I 
(5) 1i 
li 
( 9) :I 
( 9) 'i 
' !i ( 13) ! 
~: 
(13)',i 
lj 
( 3 l I 
!: 
(4) (5) (12),1 
,, 
(13) 'i ,, 
( 9) (11) ,' 
I 
Pyrite, mineral 
Pyrolusite, mineral 
(1) (5) (10) (11) (13);, 
:! 
(13l :I 
' 
.i 
--·-=-''---~-- ·- ---~-- -- -- - --- - --
Quartz, cluster 
II 
il 
il h4 
'I 
:! 
Quartz, mineral (1) (2) (3) C4l (7) (9) (12)~ 
Quartz, colored varities 
'i 
(5) II 
~ .I 
-I 
Reducing flux (equal parts of sodium carbonate and 
carbon) 
II 
( 8 lil 
Roscolite, mineral 
Sand (a good residual of granite 
Sheelite, mineral 
Siderite, mineral 
Silver nitrate, solution 
Smalltite, mineral 
Soaps tone, rock 
Sodium carbonate, powdered 
Sphalerite, mineral 
Stibnite, mineral 
Strontium nitrate, powdered 
Sulfur, powdered 
Sulfur, roll 
Sulfuric acid 
Talc, mineral 
Tin, metal strip 
Tin chloride, powdered 
Tourmaline, variety of colors 
Vanadanite, mineral 
Willemite, mineral 
Zinc, strip 
Zincite 
• 
' 
(13) 
I' 
,j 
(12)! 
( 13 );, 
:r 
(13 lii 
(lHi 
'I !i 
(13 );i 
II 
(2) C4Jii 
,, 
I' 
(8) (ll)ii 
! 
(5) (13) 1 \ 
' (13) 
( 9) 
(1) (10) 
(2) (J)i: 
( 11 )" 
( 2) ( 4l 
'I 
(5) ' 
' 
' ( 2) ii 
( 8) ·• 
I, 
(8) 
(13) I 
(13 l :r 
'I ( 2) ,' 
I 
,, 
(13) li 
--~~---=~-=-~~ '""="·-· ---t-·=~== 
I 
' II 
'i 
' 
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The Test. (Key in red) 
1. Directions to the student: Match the metal on the right 
with the state from which the ore is abundantly obtained 
on the left by putting the corresponding letter (or 
letters) on the left of the states in the blank provided 
to the left of the metals. 
eg. A. South Dakota ( A3GIN ) silver 
B. Alabama ( ABP ) aluminum 
c. Hississippi ( EFGHI ) gold 
Do Texas ( EFGRHT ) copper 
E. Colorado (none in u.s.) nickel 
F. California ( EH ) uranium 
G. Montana ( BDQ,H ) iron 
H. Nevada ( FH ) mercury 
I. Utah ( EIHS ) lead 
J. Wyoming ( EGKS ) zinc 
K. Kansas ( GIN ) arsenic 
L. Illinois ( D ) magnesium 
M. Hassachusetts (none in u.s.) tin 
N. Arizona 
o. Ohio 
p. Arkansas 
Q. Hichigan 
R. Minnesota 
s. Missouri 
11. The statements listed below are either true or false. If 
it is true, mark it "T". If it is false, mark it "F". 
If it is false, also change the underlined words in the 
blank space provided to make the statement a true one. 
1. The best way to positively identify a mineral is by 
color. X-Hay (F) 
2. Color in minerals may be the result of impurities. 
(I') 
3. Hardness in minerals is the resistance of a mineral 
i 
to a sudden blow. scr~tch (F) 
4. A thin piece of a mineral through which li@1t is 
only transmitted on the edges is called trans-
parent. translucent 
5. An accurate method of analyzing an ore is 
spectroscopy. 
6. The color of a sodium fla~e is ~· yellow 
(F) i 
I 
(T )ii 
;I 
( F )!,1, 
I' I 
f 
~5 
III. 
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9. 
10. 
11. 
12. 
13. 
A piece of cobalt blue glass will cut out the 
strong yellow of a strontium flame, sodium 
Tarnish of a silver coin is an easy way to detect 
a sulfide. ________ __ 
A quick test for limestone is the adding of hydro-
chloric acid which produces bubbles of sulfur 
dioxide, carbon dioxide 
A good reducing agent is plaster, carbon 
In testing for a chloride the precipitate formed 
by adding silver nitrate to the chloride turns 
black in the sunlight. 
The crystal form of calcite is cubical. rhor:bic 
(F) II 
( 1' )!i 
,, 
i! 
I' II [! ( F)ll 
CFli! 
' 
" 
( T )II 
ii (F)!I 
>! 
14. 
1.5. The breaking apart of a crystalline material along !· 
definite planes is called concoidal. cleavrrc:e (F)il 
16. The mineral mica has two pronounced cleavage 
directions. one 
r, 
it 
I (F )II 
. !i 
,, 
17. 
18. 
Asbestos crystals are in the form of discs, neecUes(F)ii 
II 
" The softest mineral is talc. ( 1') !i 
,, 
19. The hardest mineral is guartz. diamond 
20. A good abrasive mineral is gypsum. dia'llond, ~;arnet (F):; 
21. Gold is relatively inactive chemically. ( TJ.: 
----- II 
22. Specific weight is the weight of a substance com-
pared to the weight of an equal volume of alcohol. 
water 
23. A crystal with water of crystallization will lose 
water when it is heated. ________ _ 
24. Mercury compounds are stable to heat. unstrr-ble 
2,5. An ore which has to be reduced with carbon is 
bauxite. electrolysis 
Multiple Choice Type ~uestions: 
choice to complete the following 
provided to the right. 
Put the letter of your 
statements in the space 
eg. Calcite is a mineral which has 
' ij 
ii 
I 
i: 
ii a. double refraction b, __ peizo electricity 
c. 
d. 
the property of 
cubical crystal 
soluble in water .1j. •• 'I 
- . - -
1. Bauxite the ore of aluminum is obtained mostly by 
a. shaft mining c. hydraulic mining 
b. spring water d. strip mining 
2. The ore of iron which yields the most iron is 
a. hematite c. siderite 
b. magnatite d. sphalerite 
3. The unwanted part of an ore is called the 
a. till c. burden 
b. gangue d. carbon 
4- Electricity is necessary to extract the metal 
from it's ore. 
a. mercury c. lead 
b. iron d. aluninum 
fi7 
!i 
- - l:F -_=---:-_--==---=-== 
ii 
. ~: .;] 
.5. Electrolytic refinement is necessary for this 
to be most effectively used as a conductor of 
electricity 
metal ;j 
a. sulfur c. iron 
b. copper d. nickel 
6. The chief source of this metal is the sea. 
a. magnesium c. tin 
b. gold d. mercury 
7. The metal needed fer the first atomic bomb 
a. magnesium .c. brass 
b. sodium d. uranium 
8. Oil in Texas is quite frequently found near 
a. mountains c. salt domes 
b. iron deposits d. granite 
9. A useful instrument for the location of oil 
deposits was the 
was 
a. barometer c. geiger counter 
b. manometer d. seismoe;raph 
:I 
! 
c. 
.... ,, 
IV. 
~ ---- ~ --· .. ~ ~~c=if= 
10. The most important metal to the United States is 
a. gold c. iron 
b. silver d. sulfur 
Definitions: Supply the missing words in the blank 
of the sentences beloH Hhich 1·lill make the sentence 
true statement, 
spacesl1 
1. 
2. 
4· 
e. :! 
.I 
A crystal is a homoceneous body bounded by smooth 
plane surfaces that are an external expression of 
orderly internal arrangement. 
The Law of Constancy of Interfacial Angles 
angles between corresponding an~;les of the 
mineral are eguaL 
is that 
same 
I' 
ii 
" " !I 
li 
the!i 
II 
' Hardness in a mineral is the resistance a smooth 
surface of the mineral offers to scratchin1;.. 
plan' 
Reduction is the separation of metal · from an ore, 
industry it is accomplished by carbo~ ---
In 
5. An ore is a mineral from which may be extracted a 
substance at a profit. 
li 
:I 
!I 
il 
jl 
II 
tl 
,, 
,I I 
h8 
II ,, 
I! 
" 
' 
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ii 
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i ,, CHAPTER III 
EVALUATION OF THE UlTIT ii ,, 
Although there were only two il 
,, 
The results of testing:--
!I 
pupils who made a poorer score on the pre-test than on the fina4J 
II 
examination it is felt that the overall gain of the group was Jl 
not what it could have been if more work had been done. Nany o~~ 
'I 
the group are unwilling to do school work and had to be prodded 1' 
' to do any work at all. The range of the pre-test, for the 
taught the unit, was 10 to 41 with a mean of 20.49. The 
grou~ 
standard deviation was 5.60. 
H 
il 
" li 
I 
Table 5. Calculation of the Mean and Standard Deviation of the !! 
Pre-Test Results of Group Taught • 'I 
il 
Scores (f) (d) (f) X (d) (f) X (d) z :1 
i - 4 Frequencies Deviations 
( 1) (2) 
41 
-44 1 
37 - 40 0 
33 - 36 0 
29 - 32 1 
25 - 28 4 21 
- 21:1 4 
11 - 20 k 13 - 16 
9 - 12 2 
(3) 
6 
5 
4 
3 2 
1 
0 
-1 
-2 
(4) 
6 
0 
0 
~ 
4 
0 
-8 
-4 
(5) 
36 
0 
0 
9 
16 
4 
0 
8 
8 
Totals N • 24 9 81 
Assumed mean 
9/24 
.374 X 4 
Arithmetic mean 
• 19 
• .374 
.374 X .374 
81/24 
• 1.49 3.37 1.40= 1.97 
20 49 (1. 9i= l.LLO 
• • Standard beviation • 4 x 1.40= 5.6o 
f'9 
II 
The range of the pre-test for the control group was from 2 
to 30, with a mean of 15.332. The standard deviation was 6.44. 
The lower mean score could be due to the lower I. Q. and the 
one year less experience of this group compared to that of the 
group taught. 
Table 6. Calculation of the Nean and Standard Deviation of the 
Pre-Test of the Control Group. 
Scores (f) 
i = 4 Frequencies 
(1) (2) 
29 - 32 1 
25 - 28 0 
21 
- 24 3 
17 - 20 ~ 13 - lb 
9 12 5 
5 8 2 
1 - 4 1 
Totals N • 24 
Assumed mean • 15 
2/24 
.083 X 4 
= 
= 
(d) 
Deviations 
(3) 
4 
3 
2 
1 
0 
-1 
-2 
-3 
.083 
.332 
Arithmetic mean = 15.332 .083 X .083 : .0069 
63/24 .. 2.62 
2.62 - .oo6 = 2.61 
v 2.61 = 1.61 
Standard Deviation • 4 x 1.61 = 6.44 
70 
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:I 
II 
The range of the final test of the group taught was greatly :1 
q 
., 
increased from 12 to 64. The mean was not increased as much as 1! 
'I 
was anticipated at 28.66. The standard deviation was at 11.44. !i 
Table 7. Calculation of the Mean and Standard Deviation of the 1l 
Final Test of the Group Taught. ' 
Scores (:f) (d) (f) X (d) (f) X (d)C: 
i • 4 Frequencies Deviations 
(1) (2) (3) (4) (.5) !i 
.57 - 60 1 8 8 64 
53 - .56 0 7 0 0 
.I 49 - .52 1 6 6 36 
4.5 - 48 1 .5 .5 2.5 II 41 -44 0 4 0 0 
37 - 40 1 3 3 9 
:I 33 - 36 3 2 6 12 
A= 2 1 2 2 ii 6 0 0 0 2 2 -1 -2 2 
17 - 20 L~ -2 -8 16 
13 - 16 2 -3 -6 18 
9 - 12 1 
-4 -4 16 
Totals N = 24 10 200 
Assumed mean = 27 o416 X .416 = .173 
10/24 • .416 200/24 = 8.3.5 
.416 X 4 • 1.66 8.3.5 - .17 = 8.18 
Arithmetic mean • 28.66 vs:r8 = 2.86 
Standard Deviation • 4 X 2.86 • 11.44 
The range of the control t;roup also increased somewhat, but !1, 
I 
not as much as the group taught. Because this group was at the 
time being taught chemistry, it was thought beforehand that 
i 
there would be a slight increase due to the overle.p of materials'! 
i 
of chemistry and mineralogy. This range was from 2 to 35. The 
mean was greater at 18,83. The standard deviation was 7.52. 
Table 8. Calculation of the Mean and Standard Deviation of the 
Final Test of the Control Group. 
Scores (f) (d) (f) X (d) (f) X (d)2 
i • 4 Frequencies Deviations 
(1) (2) (3) (4) (5) 
33 - 36 1 4 4 16 
29 
-
32 1 3 3 9 
25 - 28 2 2 ~ 8 21 - 2!:J: 5 1 5 
17 - ~0 7 0 0 0 
13 - 16 4 -1 -4 4 
9 - 12 0 -2 0 0 
5 - 8 3 -3 -9 27 
1 
- 4 1 -4 -4 16 
Totals N = 24 -1 85 
Assumed mean = 19 
-1/24 = .042 
.042 X 4 • -.167 -.OI.J-2 x -.042 = .00176 
Arithmetic mean = 18.83 85/24 • 3-54 
3.54 - .002 = 3.54 
ff.54 = 1.88 
Standard Deviation a 4 X 1.88 = ?.52 
-~~~~=.:.=c==--
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" Table 9. Gain loss in the .final test, c a.'llpared to the 'I or as 1: 
pre-test, in the group taught. Average Gain • 8 .35. i'l 
' 
Pupil Pre-Test Final Test Gain Loss Wofk li or ReEor ed ' 
1 41 64 23 23 II 
,I 
2 49 
,, 
32 17 22 " .i 
:I 
3 28 40 12 4 
,, 
! 
4 28 28 0 15 
·I 
' 5 28 28 0 9 
il 6 27 27 0 6 
II 
7 24 30 6 6 !I 
:I 
., 
8 23 34 ll 17 I ~ i 
:! 
·' 9 21 36 15 21 ',I 
10 21 18 
-3 1 I 
:,I 
11 20 12 -8 15 
12 19 23 4 2 •I 
13 17 4.5 28 22 il II 
:I 
14 17 25 8 ~ : 10 
'i 
15 16 34 18 16 
!! 
,, 
d 
" 16 16 29 13 19 'I ,, ., 
ii 
17 15 22 7 19 ]I ,, 
18 15 4 
II 
19 12 !j ., 
II ,, 
19 15 1.5 0 8 ' II 
20 14 27 13 12 I 
" I
21 13 28 1.5 5 
22 13 19 6 9 I' 
18 
:' 
23 12 6 12 ., ,, ,, 
:I 
2 --- ·--~--B--~-~-'' 
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Table 10. Gain or loss of pupils in the Final Test, as com- i 
pared to the Pre-Test, 
Average Gain • 3.36, 
for the Control Group, 
Pupil Pre-Test Final Test Gain 
1 
2 
3 
4 
.5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1.5 
16 
17 
18 
19 
20 
21 
22 
23 
2 
30 
24 
22 
21 
17 
17 
17 
17 
16 
16 
16 
16 
1.5 
1.5 
1.5 
14 
12 
12 
11 
10 
10 
7 
.5 
2 
34 
2.5 
22 
21 
30 
27 
24 
14 
19 
18 
13 
8 
22 
22 
20 
20 
20 
16 
14 
20 
17 
.5 
2 
~~ 
1 
0 
0 
13 
10 
7 
-3 
3 
2 
-3 
-8 
7 
7 
.5 
6 
8 
4 
3 
10 
7 
-2 
-3 
3 
:I 
II 
I 
!I 
I I, 
!I 
·' 
!I 
" II ., 
li 
il II~ 
,, 
il ,, 
!i 
'I ,,
' 
II 
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The difference of the means of the group taught was from 11 
20.49 to 28.66 = 8.15. The difference of the means of the 
control group was from 15.33 to 18.83 or 3.50. The average 
gain of the group taught was not great. This Has consistent 
I with its general attitude and the way that the pupils worked. ,, 
'I For the first two weeks of the unit pupils were allowed to keep 
their own records in their notebooks and were told they would 
be corrected and returned at the end of that time. Two pupils 
were allowed to •rork together at a laboratory exercise at one 
time, and it was thus realized that there would be a degree of 
collaboration and duplication for the pupils working the same 
laboratory. On correcting the notebooks it was found that five 
of the notebooks were almost perfect copies of each other. 
None would admit who was the master copy maker. This was an 
indication that only a few were actually doing any of the 
laboratory work. In order to attempt to discourage copying for 
the rest of the unit, they were told that everything that went 
,, 
,, 
,, 
into the notebook had to be first approved, as it was completed,
1
! 
', 
',I by the teacher. In spite of this extra precaution there was ,,
still evidence of copying. Despite all efforts on the part of I 
:] 
:i 
the teacher some passed in no work at all for correction beyond il 
,i 
the original two weeks. I 
I 
The only thing that could be done was 
,I ! to assign a day for the pupil to perform a required laboratory 
exercise which recourse was resorted to in the case of five 
pupils the last two weeks of the unit. This group did perform 
some of the activities, but failed to report on them. 
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ji 
ii There was a bit of' consolation in observing that of the con-,: 
scientious workers, some of' those performing laboratory exer-
cises together submitted individual reports. 
Correlation Between lvork Accomplished and Gain in Test 
Scores. An attempt was made to find out whether or not there 
was any correlation between the.gain of the pupils taking the 
unit, and the HOrk reported in their notebooks. This corre-
lation was done on the Durost-Walker Correlation Chart included 
in the appendix. The score for the work reported, as it is in 
Table 9, was determined on the number of activities reported on 
out of a possible number of f'orty required for all to perf'orm. 
These included the reports on the laboratory exercises, films, 
and reading pamphlets. It was felt that much was learned from ,i 
:I 
the films in spite of' the fact that the pupils in some instances!! 
:I 
were too lazy to write a short report, and that theref'ore the 
correlation would be lo~J. It was 0.)1. 
Daily Progress in the Unit. As indicated in Chapter I, the 
beginning of the unit was enthusiastically received. As far as 
possible in the nine week period, and Hith exceedingly e;ood 
' 
f'ortune in booking the dates f'or the filMs desired for the unit,il 
two films a week were shown. It Has desired to show films on 
the metal production of nine of' the greatest mineral producing 
states on Tuesdays, and f'ilms of one of' the chief' products of 
that particular state on Thursdays. With one exception the 
I 
I 
films ca~e through in that order. Most of' those used Here from ' ;i 
the library of the United States Bureau of Hines and, in a •rord,li 
==#==== 
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they were excellent. There was only one which seemed to be of 
little value to the unit. This was one entitled, "Treasure Pronj! 
The Sea", a 1950 color film from the Bureau of Mines. About 
all the film taught was that magnesium came from the sea. At 
the time pupils had already seen a film on Texas Hhich included 
a fine description of the chemical process of magnesium actuallyij 
,, 
being taken from the sea. The comment 1-ras recorded, "~vhat are 
!we seeing this for? It's not as good as the other one.'' Films 
ii 
Here also sholVD on the nickel production of Ontario, Canada, anc1i 
,, 
' 
ion copper 
dependent 
production in Chili, to emphasize the fact that He areil 
I! 
U})On other countries for metals strateGic in war til'le. i 
;I 
.t- :; Host pupils, except for the few Hho 1-;ere absent durinc the unic,,; 
vieHed all the films. In spite of this, no one reported, as 
directed, on every film. 
More complete reports were received on the materials in the 
pamphlets. It was felt that this group attempted to avoid work 
as much as possible and that for them to sit do;m with an open 
pamphlet Has only a good pretense of working, 
The library assignments, and pooling of resources phase that;' il ,, 
went with them was highly successful. There 1-ms quite n variety:i 
,, 
of resources used. The conducting of the reporting was handled 
by first enc;uJ.rinc for the source of the reports, until it vias 
found out Hhere there ovas duplication. This rJoint established, 
one of those pupils Hith a duplication Has asked to read his re-: 
port, and the others were asked to com!'lent, !'.nd add to it. Then'!; 
the other pupils 1-1ere asked to agree Hith or add to the materialii 
'I 
' 
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.presented. A particularly good lesson was the quest, from the 
Reader's Guide to Periodic Literature, for materials on 
I 
strategic minerals. A list of these was on the bulletin board. 
There were fifteen different accounts on strategic minerals 
found. Discussion was held for the reports on Gems, Strategic 
I"linerals, and Alloys. There uas also discussion and clarifi-
cation following each film. 
The laboratory Hork was most discouraging. There Here only 
five boys Hho worked conscientiously and covered mostly all the 
laboratory exercises. The laboratory exercise Hhich it was 
nest desired for the group to study, namely about forty 
specimens of the most conEnon ore minerals, of the United States 
:I 
II 
I 
' 
" 
,, 
I 
which were gathered at the expense of much time and effort, was ·~ 
I! ji 
reported on by only tHo pupils. This was Laboratory Exercise 1! 
13 which was constantly on display and therefore observed by 
more than reported it. 
The laboratory work was also discouraging because of the 
vandalistic nature of the group. For some reason or other the 
greenish flame of the borax and methyl alcohol was captivating. 
One boy was seen to do this part of Laboratory Exercise 9 three 
times, before he was stopped. He also used about a pint of 
ethyl alcohol in the process. When asked a few days later if 
he kne\v the rlixture that produced a green color, he did not 
know. As there were also corrosive chemical reagents on the 
i shelves for the use of students in chemistry it was the cause of. 
great concern. The risk involved is too great for a teacher to :,1 
,, 
T 
ii 
I 
I 
i 
,, 
take the responsibility of a group in such a situation. It was 
because of the lack of respect for the me.terials of the labora-
tory that a projected trip to the Peabody Nuseu.rn at Ee.rvard was 
called off, Only five reported on the minerals on display in · 
the Thomas Crane Public Library in ~uincy. 
It was also found that some members of the group were 
absolutely incapable of reading and interpreting what they had 
read. One of these was the boy mentioned above. Someone had 
shown hiPl that the mixing of two reagents and lighting ther:t 
produced a green flame, and he then performed the activity, 
This boy required constant watching l'.nd his inability to in-
terpret what he reads was proven by trying to c;et hir:t to follow 
the procedure of Laboratory Exercise 2. He could not do it on 
his own. There were no reports received on optional related 
activities. 
Pupils1 Opinion Of The Unit.-- On the back of the final 
test pupils were asked to comment on the unit. There were 
various objections and recommendations. One was that there 
:I 
',I 
'i so 
·, 
were too many films, and that the films repeated often what they·i 
!I 
lhad seen before. Another said that the laboratory exercises 
were too hard to do. Another said that he didn 1t think the 
final test tested anything that he had read, Three failed to 
comment, Two said that they enjoyed doing all phases of the 
unit. 
The objection to the filPl repeating what they had seen be-
h 
fore could be discounted as it was §,n attempt on the part of theil 
li 
!I 
' 
,, 
!I 
!i 
~ ... 
•-
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planning of the unit to emphasize that the handling of many ore~i 
were similar in the extraction, sorting, concentration, and the 
sintering of ore minerals. That the laboratory exercises were 
too hard for those who had not yet learned how to read well, 
was obvious. 
Conclusion.-- The fact that so many pupils sho.,.ed a high 
gain from the pre-test to the final test was gratifying. The 
fact remains that two showed a decrease which could not be 
blamed on absence. Then too, the fact that no one completed all:l 
the required activities indicates that the activities were some-!i 
where too difficult for all to perform. 
It has already been said that lack of reading ability has 
caused the failure of some in the laboratory exercise phase. 
This would lead one to believe that the only phase all could be 
I expected to perform was viewing the motion pictures. But, on 
examination of reports of these films, and, considering the 
class discussions, it was found that even these were mis-
interpreted by some. It is also felt that the test was correct-
l
ly criticized 
that had been 
in not being a reliable device for testing ~ 
learned. 
This unit should work well for a group of slightly higher 
ability able to read and interpret directed activity. It should 
adaptable to the needs of a physical science course. 
AP.i: :CINDI CES 
R2 
t:nT.:8A~ .'\J'O OUJ ni TIC UillTj,J iJ't'AT ~<) 
Un1~ Alutiernnam 
(1} 
All .tudont(! will be roquirod to oa::tplete t~ activities 11otod bolow 
in the course ot n:UJe lfeoke" If you ~t re.r aheCld of the IIU;';ZOeted time table 
oo the bull~tin board, try oomo of tl» op~ionf.l related acti vitie111 w:11oh B.rO alao 
poatod on the bulletin board. An a.ocwo.to rooord of all wo:rk d<r~a cu..t bo }(Opt 
1n a notebook lfhich mt.urt ba with you here in claus ewry d~o Th18 ahould be 
Marl& t.he i'1r8t pa;;tJ o-f th~ notobooko 
i'/htlt al'$ tho mineral %"4'•ou.rcoe of J.:he b1$eat ~in$ stato•'f A eor1o• of eight 
f'1lroe will be ohovn to you on t~ prod~otion of mineral• ueett..tl in Unitod statoe 
1.'1doetryo Y~ thould anaw:r th& following qu·&rii<Zl in the notobook aba\ft each filmc 
-.. :/hat state doo1 tho tilt:! deocr.1be1 
b0 \ihat are tho product a of' t.hia ato.to ? 
c. Are oroo shipped ou:t. ot th1es .te;to to bo rJ.t:lned in othftra'l liha:t are they? 
do rlhat b manutaotured Within t"' .tate '4' 
Hw a..'t'O OJ;'O& found, n1nod, emcontr.a.ted.a. ,rctduoe!ld to metala, refinod and made int\) 
ft.P.i•hod produot!1 A aer1ec of 12 filt1u Will be shown to yOl.t on a n.ri~y of 
nu.eral product•. For oaoh filn uholln you ehoqld keep 1n yo~r notebook an aocura:h 
roc~rd of tho followinz, 
a., 1/blro io th& oro tound? 
b. tllat method 11 u.ed to tab 1t t'l"cn the Earl.ht 
~. Dooo it roqu1re oQ'lcentratioot 
do How 1a t.he dodred produot, oxtraote4 t 
.-. Doe• it require further rat'1nor.l«Jt. bo1"ore it 1• t!t. tor 1nd\.tatry1 
fo ilho.t lndttst.ry U60Ja itt 
;i.o1f d u ci,n'}ralc.;:ieta ro"'ow1•o oreoJ \f~ vill &ctt.t&'l.llf pertorn •me of t.bo te.te 
uaod by tho t?c.lentist to rooo~1ae ninoral rm.tter. 'i'hia work is to be done in the 
ob:n.\csl l:l~ ·)t'~J.t clry W~.tOro ~~ tool• nccest\Ol'y f'ol" ttl& wod: LU"a a.vo..illlb leo It :J~dd 
not. bo d('l!)(: in t~:') orC.er that ie .:;1:\Pen m~, but you aro e2q>octed to ~P "'ihlml in 
tliio order 1r yonr ~otobool~ ro"o:-d Joc.ordin~o AhC'Ulc! bo Mct•ro.tol:,r oo.dc. 
(2} 
!l~lo ,l:£!1 ~re, do1npJho work., r"'t~t-ertl' on ·tt..a D'loond ctrr;;..t:o.-.· troet th~ top of the benoh 
will lrdi<:;e.to that tho dral'i<il!' ooottU.no tl~ o!lte>:r~a.1. ne.,ded f or tht.l activity 
oo:·roepand:lng to tho n~ra Uwted belou. atudy Q.t1do:; o.rct in tho41l.-
4.; \'lluit 
lo 
2. 
'· 4. 
5o 
6o 
7o 
o.ro sorno of th& pl~ic:o.l torr~e uoed to id~M.fy minel"Cllal 
Hotr doea tr.o ery-ntal fom aid ident1fioa.tion of the m1n•ral'f 
Do mJnerala braak &.p~ tl~ nco v.,-1 
\lh1oh aro the lmrdoat mineralcT 
11h¥ do eaD thingtt teol heavier then ot.horu wl»t~ Yott 11ft thom? 
Doete oolor helpt 
How do mineral• bond light; r~'f 
Aro nrl.mJralo di:f.'f'lcult to melt f 
b.. ~ aro eomG of the Qhen'\ioe.l taste for icl(tnG-U'ioo:tlon ot mwralat 
8co now oan minoralo bo roduoed. to c.~alal 
9. \'ihat tdll mating A. fl"~ Oi1 a ~in6rAl in a tltlall [!lUB tub$ toll UQ! 
10. noo" the oolor of 111 tlarJo tell uo r.nyth1ne? 
11. I!Otf do w teet. for tho moJJt oot1::1on n<Jl'lCGtala tourul in oJ¥J minera.la? 
Oc l'llm ia 1n ~oy Gran,.tot 
12. ~ aro t.M prop&rt1o., ~~~ the tour m1norale ot ~~1ncy graniteT 
d, tThat do oros look like? 
15. t!Mt oro ooao of otU' principle oroof 
\'#hat uuofttl product& are mad& fioou orca and how are they nadet 
Aloo3 tho bonch in back of the instruotor 1e dt~ak a.ro a eor1oe of paophlcrta1 oluu._e, 
ca.ta.loee, nnd am:lplee of eubmanoaa produced in too Unitod Sto.toe which ha:re baen 
sent to our sohool by thace !4Rlt.tfacturere. A complete l1<rl.in~ of all those e..,ldlable 
\1i 11 bo polit<Jcl on tho bullotl.n boardo noad tho roporto fl•oo ~t loast two COI:lpa..-)10c 
of t.ho:.r pro,it.tots, thon anewer the tollo!t'...ng queetiono.. S6'f'8tl ropor'te are roquiredo 
ao \:/hat c:op011y pu.bliaod tho artiolo? . /h.Qn'f 
b,. now do thoy got th<J1:> rnv na.ter::.ule~t 
c. tlhat produota do ·~ '.:!6Y I!lake~ 
do !low do they .n:u:llw thm.l? 
What ws.tmc a minentl a &,fltllf Tl» .nawcr to th1o question oay bo touncl in 
praot.ioally any good book an t:lineralogy. YOI.l mey get a J)Ol'mlt. to go t.o 
thlt library and look up tho anaver to thie quo~ioo on tmy d~ wo h&\Ye 
laboratoey work. YOlU' cunror to thi• eho1.tld bo a nll vrittoo report to 
bo made to the c.lu• throo PGka from tlw ~art of thD tm1t. 
What oroc are -rltal to National Defer~e T Which <llctl do • ban a abort- gp;t.z 
~f Wb!ro do W8 ~ thoae f'l"Qnt The Cldel' to 'Lhi8 qu.e.t,ion eould OOCG 
!'rom 11 reoemly publitbtJc'l arliolo OJ' book. I ausg&A thst you look at t.be 
li.t of periodioala printed on the 1ido of tho oard "'tal.og 1n tho 1ohool 
libraey, then u• the Roa.dor•• Guid• to Por1od1oal L1torst.ure to looato an 
article. Report on ano metal or Oil all 1n a papCJr to be doliY•red to tho 
cla•• 8ix weeke from tbct .tart of the unito 
What dooe a &QOd mineral collo~1on look lib? .~cmgomot$s aro boin~ made fol' 
a t1o:\d tr1p to the Peobo4y l:Uewm «t. Rarnrdo RGCol"d. t:M tollowtiJ181 
no 'fuat. speo1man J.mpresao4 you th41 molt. f 
ho l'fhioh trU tlw largo.t ~1mort1 
n. B<nr a.ro th& •poc1men• arrqod tor eaq atu4yY 
do What. minerale aro ouily ~ooted 1n ultra-v1oltrt. 11gl& T 
fie Wh8c1. pattern do ~b:td J!Wt,oor• •h«t 
f.o Hair lll.lOh do yo\1 think th1e oollt.tot.ion 111 ttol"t.hf 
lla How are ~peo1mcme aafogtl&l'ded trCD thott; t 
I~ you oWXlot make 'the trip to Hona.rd u an altern~& tor th1• e.ot1YitJ ;yott miJT 
1n~~ tbt mhleral collection of Mr. George W1loon at ~J High School in t~ 
off1ct1 of tho ase1atsnt prinolpo.l. 
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TESTS FOR NON-METALS 
Definite chemical test aid us in detecting the presence of 
the non-metallic element or groups of elements in a mineral. 
These are helpful in identification of minerals. 
1. Sulfide test To a suspected sulfide add to its ground-
up powder some sulfuric acid. Then touch ~ drop of this to a 
coin containing silver. A black tarnish (silver sulfide) on the 
coin indicates we have a sulfide. Test p~rite. 
2. Chloride ~est If the mineral dissolves in water, add 
to it a solution of silver nitrate and you should get the for-
mation of an insoluble wl1ite Material if you have a chlorl~e. If 
the white material does not dissolve Hhen we add nitric acid to 
it, we can be m.ore sure of our chloride. This white deposit also 
should burn black when left in the sun. Test sodiUM chloride and 
potassium chloride. 
3. Carbonate test To a suspected carbonate add hydrochloric 
acid. The vigorous buobling of a gas is a good clue to the liber-
ation of carbon dioxide. To be sure we pass the gas through a 
solution of limewater. This should turn milky color from the gas 
car9on dioxide set free from the carbonate. Test limestone. 
1~. Sulfate test If the mineral is supposed to contain 
sulfate radical and will dissolve in water, add to the solucion a 
small aMount of barium chloride solution. A white deposit indi-
c tes we have a sulfate . Test copper sulfate and sodium sulf'te . 
5. Fluoride best Cover a piece of plate glass with melted 
pu.rafin 13.nd make a S"'C'ratch down to the ~lass in it when it hardens. 
Put the mineral pmvder in the scratch and add a fm.v drops of con-
centra~ed sulfuric acid. This will alter the fluoride to hvdro-
fluoric acid Hhich Hill in turn etch the glass . Remove thevwax bo 
see if the ;lass becomes etched. Test fluorite or calcium fluoride . 
6. Silicate test riost of the rock forMing Minerals are 
silicates. An insoluble silicate PJ.ust be decomposed by fusion vlith 
sodium carbonate. Helt a small amount of sodium carbonate onto a 
small loop of platim1m wire until it becomes a transparent bead . 
Then pick up a fevl grains of the suspected silicate and heat the 
bead in a flame until it appears that the silicate has dissolved. 
Dissolve the bead in nitric acid. A residue indicates silicate. 
Test feldspar . 
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